translator's preface. 
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256,000 inches long, or over 20,000 feet, or about four miles. 
And in a cubic inch there would be 256,000 such layers, or 
enough particles to reach 256,000 X 4 miles, or a million 
miles. It takes 4.2 cubic inches of white lead to weigh 
a pound; so that in a twenty-five-pound pail of white lead 
there are enough particles to make a continuous line reach- 
ing from here to the sun. 

People generally do not realize how small these pigment 
particles a're. Some one has asked whether in assuming 
these figures we are not approaching the size of a molecule. 
Sir William Thompson (Lord Kelvin) concluded from a 
study of several methods of measurement that the distance 
between centres of contiguous molecules in a solid may be 
not more than one hundred-millionth and not less than one 
two-thousand-millionth of a centimetre. If we assume 
that 23^ cm. equal one inch, we have as the coarsest esti- 
mate 250,000,000 to the linear inch, or 1,000 to the 
diameter, equal to 1,000,000,000 to the volume of one white- 
lead particle; or by the finest estimate there would be 

5.000. 000.000 to the inch, or 20,000 to the diameter and 

8.000. 000.000.000 molecules to the volume of the white- 
lead particle; so it seems there are enough molecules to 
go around. Molecules are really very small. 

When we consider the small size and vast number of 
these particles and think how easily they must move among 
themselves, especially when floating in oil, it seems reason- 
able to class paint among the liquids, as has been said, and 
that facts about it may properly be put down in connection 
with those about varnish. At all events, that is what has 
been done. 

Some of the analytical matter is old, but much is new and 
some is now published for the first time. If the book 
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proves to be useful it will need iki :ipf>l«(),'y; ,siuh fiiviTM- 
material could not be very well classilied. 

The old Crockett formula iKXjk, now first printed, is ■ 
unique; Crockett was the inventor of the Anierii an varnish 
kettle, and of most of the methods used to this day in 
America; the formulas are. of course. *Hil of date. Init as 
historical matter the whole is tjf great inferesl ; and while 
the translator is under obligation to so many ot his friends 
that he cannot here enumerate them, all will feel a spis i,d 
appreciation of the liberality whu h allowed the pufdii afion 
of these formulas and <lireelion.s. 

It is with great pleasure that the wrils’r lntr*j<!«» es }’rf> 
lessor Bottler’s book to the American and Hnglisb varnish 
makers. 

A. II. 

Flushing, New Yoek, 191a. 
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VARNISH-MAKING 


CHAPTER I 

INTRODUCTORY AND HISTORICAL 

Lacquer and varnish are liquids which when spread out 
in a thin film on a surface become quickly changed so that 
they form a solid coating, colorless or nearly so; but having 
color in special cases. The face of the dry film as a rule is 
smooth and shining, but is sometimes purposely made dull, 
or what is called a mat surface. If the film is decidedly 
colored, it is purposely so made. We therefore cover 
various objects with lacquer or varnish to give them a 
pleasing appearance; but at the same time they are pro- 
tected against external injury. 

A good lacquer or varnish has these qualities: 

1. It must dry within a short time after its application. 

2. The dry film is uniform, hard, and lustrous, except 
that certain varnishes have a mat surface. 

3. The finished coating is without cracks or flaws, and 
sufficiently elastic to permit of a limited bending of the 
foundation. 

4. It must be unaffected by atmospheric influences. 

In general we understand that lacquers consist of hard 
resins dissolved in suitable solvents. 

If the solvent is volatile, as, e.g., ethyl or methyl alcohol, 
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ether, spirit of turpentine, etc., the dissolved substance is ‘ 
left as a continuous film. 

Sometimes the solvent is of such nature that it hardens on 
exposure to the air, as linseed and other drying-oils, whereby 
the dissolved resin is enclosed and protected. 

Details of the differences between lacquer and varnish, 
and their classification, will be found in the next chapter. 

As to the time during which we have used these materials 
on articles of art or use, we can fix no definite estimate. 
Although the origin of lacquers and varnishes must have 
been at an early period, it is probable that they began to be 
used in Germany in the Middle Ages. 

In Japan, according to Quinn, lacquer was used 500 or 
600 years B.c. On the contrary, Tschirch and A. B . Stevens 
argue that the Japanese did not have this art, nor indeed 
the lacquer-producing tree, until the third century, having 
learned it from their western neighbors after their first war 
with Corea; and that the Asiatic peoples of an older civiliza- 
tion, as those of China and India, knew the art at a much 
earlier period. The art of lacquering was especially de- 
veloped in Japan during the Middle Ages, reaching its high- 
est point in the seventeenth century. 

For a long time the finest lacquer-work has been brought 
to Europe from Japan. The Japanese and Chinese have at 
their command for carrying on their work, oils and resins, 
which are in the highest degree suitable for the production 
of lacquer. By inspecting Japanese and Chinese lacquered 
wares it is obvious that the greatest care and conscientious- 
ness were employed in their fabrication. While the Grecian 
painter Apelles, as early as the fourth centmy B.c., used var- 
nish for his paintings, nevertheless, as has been said, it did 
not come mto common use with us until the Middle Ages. 
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Early History of Varnish; Eastlake, Materials, etc.; 
Merrifield, Treatises, and Cennini, Sabin, Technology 
of Paint and Varnish. 

In the twelfth century a monk named Theophilus pub- 
lished the first directions for making linseed-oil varnish; 
from this date various formulae for making lacquers and 
varnishes are known. In the sixteenth and seventeenth 
centuries the making of lacquer took an extraordinary ad- 
vance. By the establishment of traffic with the Orient 
at that time our attention was persistently drawn to the 
use of lacquer. Knowledge of lacquer led to its use, and in 
the sixteenth century shellac became known, and later tur- 
pentine, sandarac, amber, and mastic were used as ingredi- 
ents. 
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CLASSIFICATION OF LACQUER AND VARNISH 

Lacquers and varnishes may be classed under the fol- 
lowing three groups: 

1. Oil- varnish and oleoresinous varnish. 

2. Spirit varnishes made with spirit of turpentine, ben- 
zine, etc. 

3. Alcoholic varnishes made with alcoholic and similar 
volatile solvents. 

a. By oil- varnish we mean a liquid which hardens by the 
chemical change of a vegetable drying-oil. By this change 
a thin layer of the liquid oxidizes in the air and hardens into 
a transparent, elastic coating. 

h. Lacquers are liquids whereof the fluidity is lost by the 
evaporation of the whole or a part of the solvent. Oleo- 
resinous varnishes contain melted copal and other hard 
resins dissolved in drying-oil and spirit of turpentine, and 
in changing to a solid the latter evaporates, while the resin 
remains in union with the drying-oil (linseed) . The drying- 
oil has the property of taking oxygen from the air, which 
causes the film to harden gradually. In the use of spirit 
varnishes made with resins and spirit of turpentine, ben- 
zine, etc., as solvents, these latter evaporate and leave a 
solid residue. Turpentine itself absorbs oxygen and has 
some effect on the hardening of the varnish, while benzine 
and turpentine substitutes only act by being volatile. 
Varnishes made by dissolving resins in alcohol, ether, and 
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similar fluids dry on account of these liquids being extremely 
volatile; when they evaporate they leave the resin in a thin 
glossy layer (but sometimes with a mat surface). In this 
last class are the celluloid lacquers and others using some 
of the solvents recently come into use. 
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RAW MATERIAL FOR MAKING LACOIJER AXO 
VARNISH 

1. Balsams, resins, aiui various Jiatural .imi arlil'o i.il 
products. 

a. Balsams. — Thc.se include copailia halsain and the 
natural turpentines. 

h. Resins. — Here we class the roj);tls, dammar, iai sdn l 
lac), mastic, sandarac, elemi, rosin, hardened rwdri. t« n«!«*in. 
and amber. With the exception of hardened rosin !}«•<»♦• are 
all natural products. Benzoin serves only as a jH^rfuine and 
to give lustre; all the rest arc recognizeti as varnish rrsins, 
Chinese and Jai»ancse lacfjuer may be iin ludwi under this 
classification. 

c. Color Resin.s. --Among these are button lar, araroid 
resins (yellow and red), dragon's lilo«al, ;uid gaintaigr 
Button and stick lac are varieties of lac fsbellac). 

d. Various Natural and Artifida! Products, Herr we 
place natural sisphalt, coal-tar pitch, gulta-perrha, laoui 
chouc, vulcanized rublrer, cermn, wax, {rarafTm. ajierwra- 
ceti, camphor, rosin ester, pyroxylin or niir«icrtl«k»w, and 
celluloid- 

2. Drying Oils.— These are linseed, fK^»py, cantor, 
Chinese and Japanese wood-oil. ynieed is by far the tnmt 
important. Hemp-seed-oil, sunflower-otl, walnut f>i!, and 
cotton-oil are but seldom used. 

3. Spirit of Turpentine, R(win-dJ, and Virfatilr l.it|uidi» - 
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These are turpentine, rosin-spirit, petroleum, benzine 
(petroleum-ether), benzole (coal-tar benzine), chlorbenzol, 
ethyl and methyl alcohol, ether, acetone (dimethyl ketone), 
methyl-ethyl-ketone, acetylene tetrachloride, carbon tetra- 
chloride, carbon bisulphide, chlorhydrin. 

4. Coloring Matters. — Besides those already mentioned 
are the coal-tar colors, annatto, turmeric, aloes, dyewoods, 
lampblack, various chemical colors, and mineral colors. 

5. Chemical Products. — ^Here we include litharge, red 
lead, orange lead, sugar of lead, lead resinate, lead linoleate; 
manganese suboxide, hydroxide, and dioxide, permanganate 
of potash, borate of manganese, resinate of manganese, 
linoleate of manganese, resinate of lead and manganese, 
resinate of zinc. 

I. BALSAMS, RESINS, AND VAIHOUS NATURAL AND 
ARTIFICIAL PRODUCTS 

a. Balsams, — Copaiba balsam is obtained from various 
species of Copaifera, of the Leguminosae, which grow in 
South America, especially in Venezuela and Brazil. 

The Brazilian balsam is clear and thick (viscous) ; it has 
a characteristic aromatic odor, and a pale yellow color. Its 
specific gravity is from 0.92 to 0.99, while the less viscous 
and somewhat more deeply yellow balsam from Para has a 
specific gravity of 0.92 to 0.95. The Brazilian is a solution 
of two resins in a volatile oil (oil of copaiba), and is easily 
s*oluble in absolute alcohol, in ether, and in fixed oils; Para 
copaiba is not entirely soluble in alcohol. Copaiba, es- 
pecially the more thinly-fluid sorts (as Para), is used in 
various lacquers, especially in combination with shellac and 
castor oil; the mixture is melted, cooled, pulverized, and 
dissolved in 95-per-cent alcohol. 
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Turpentine in obtaiiie.i fmni vari.njs ...ni 
ferous trees, esix;cial!y in Kurupe ami Nnrtli ,« 

Pines and firs yield the ordinary fiir|Hnlitii-, a h.ihj 
grade is obtained from the silver fir, Anuum the !im t 
turpentines arc the true lanh tunK-ntiiu- ami Can,..*.! 
balsam. 

The ordinary varieties of turiH-ntine vary in %i»Mf ii\ 
the inferior sorts contain much ro.-in mills ami tin- initrr 
are less acid. The yield of spirit of turjM-ntinr, « hi, h i tin- 
most valuable ingredient, varies with the .4 rv 

traction. Crude turjH'nline h a siihstame inlermrilialr 
betweeen spirit of turpentine and rosin, fn high « l.jss work 
the so-called Venetian (hin h) turfH-nline is us#-d. I inr 
turpentine is clear or only slightly turbid; cmnnion lur 
pentine is persistently turbid, even when w.»rn»-d. The 
average boiling-iM>int is t.p® C*,; sjmitir gravity 
0.856; Canada balssun and some «llu-r,s have a higher «trii 
sity. All turpxintines are soUilile in alioliol, ether, spirit ot 
turpentine, benzine, etc., making more or less «lf.ir soln 
tions; they mix, when melted, with the fixe*! oiK. but often 
on cooling a partial separation takes pl,n r. Also the lhi< I 
turpentine and larfh-turix.’ntine are soluble in mono a»i«l 
dichlorobenzoles. 

Turpentine is used bccau.se of it* viscosity lr» lrs%rn l}$»- 
brittleness of various varnishes and lacquers,; for esampfe. 
it is added to a resin-lacquer of pale or dark rmiri in .ih oho) . 
for pale lacquer Venetian and for the dark lacquer nolinary 
thick turpentine is userl. Similarly the jmli? or dark lur 
pentines are used with spirit-lacrqueni made from Manila or 
Borneo resins; even galipot is used in ihb way. 

b. Resins,-— Under the name of ttrjwil wr imiu»l»- 
a group of resins, distinguishwl from t^hem by thrir grr.<j< » 
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hardness, higher melting-point, and less solubility in the 
ordinary solvents for resins. 

Copals come from East and West Africa, from the Sunda 
Islands, the Philippines, Molucca, New Zealand, New 
Caledonia, and South America. From East Africa come 
Zanzibar, Madagascar, and Lindy resins; from West Africa, 
Angola, Benguela, Congo, Sierra Leone, Pebble, and Came- 
roon resins. From the Sunda Islands, the Philippines, and 
Molucca we obtain Manila resin, and from the same regions 
Java and Borneo resins. New Zealand and New Caledonia 
yield Kauri. 

From South America we get Brazilian resin and Angos- 
tura resin from Venezuela. African resins are mostly dug 
from the earth; Zanzibar is a semi-fossil resin. When the 
copals are dug from the earth they are covered with an in- 
crustation of decomposed resin more or less thickly, which 
is then cleaned off either with chisels or with dilute caustic 
alkali; it is then sorted according to its clearness and hard- 
ness. There is no recognized scale of hardness; but Zanzi- 
bar is reckoned the hardest, next Lindy resin; Madagascar, 
Sierra Leone, Angola, and Angostura are very hard; Ben- 
guela, Congo, Cameroon, and Accra resins are hard; Manila, 
Kauri, and Borneo moderately hard; South American 
Hymenaea copal and recent Sierra Leone are soft resins. 

The harder the copal the more difficult it is to melt, as a 
general thing, requiring a higher heat. The best Zanzibar 
and Lindy copal melt at about 340^ to 360® C. If, however, 
we take as a melting-point the temperature at which the 
resin becomes fluid without decomposition, such a point for 
Zanzibar and Lindy is from 250° to 270° C., for Sierra 
Leone 185° C., Benguela 170*" to 175° C., Manila 112*" to 
135® C., and for South American (Hymenaea) copal 95"" C. 
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In the ordinary solvents, such as alcohol, ether, spirit of 
turpentine, etc., it is very difficult to entirely dissolve copals. 
Some of the moderately hard, such as Manila, Borneo, and 
Kauri, are mostly soluble in 96 per cent alcohol, some of tlie 
harder sorts, as Cameroon and Pebble copals, dissolve in 
amyl alcohol, soft Hymenasa resin in a mixture of amyl and 
absolute alcohol — all these leave some insoluble residue — 
but in general if we wish to make perfect solutions of the 
copals we must first subject them to a process of roasting or 
melting. All the East African and most of the West African 
resins must be melted before any of the ordinary solvents 
will dissolve them, and even after melting some of them re- 
quire prolonged digestion in tht solvent. If the roasting or 
melting process has been properly conducted, the resins so 
treated dissolve easily in warm linseed-oil, spirit of turpen- 
tine, etc. It will be assumed in the following pages that 
by melting resin we mean such a complete and perfect opera- 
tion, which is one of the critical operations of varnish- 
making. 

Recently, solvents have been discovered which dissolve 
copals without preliminary treatment. As early as 1895, H. 
Flemming announced that he had been able to make per- 
manent solutions of aU copals in a-dichlorhydrin and 
epichlorhydrin. As regards copals from Brazil and Manila, 
also Kauri, my own investigations have shown them per- 
fectly soluble in a-dichlorhydrin. Also methyl acetone dis- 
solves Kauri and Brazilian resins completely, and the 
greater part of Manila. Terpineol dissolves medium hard 
and soft copals (Manila, Kauri, and Brazilian) completely, 
and the greater part of many of the West African resins, as 
Angola and Sierra Leone. Carbon tetrachloride by itself 
dissolves permanently only the soft Brazffian resin, wMle 
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other copals are for the most part quite or nearly insoluble. 
The addition of 25 to 50 per cent of absolute alcohol to this 
solvent enables it to dissolve many copals, as Angola, white 
Benguela, Sierra Leone, and Cameroon, to solutions which 
are mostly clear, but colloidal or gelatinous. 

Sometimes two solvents are used to dissolve a resin; so 
that one dissolves out a part, and the residue is dissolved in 
the other, as may sometimes be done with methyl alcohol 
and acetone. 

It has long been known that the vapor of an alcoholic 
solution of camphor is a powerful solvent for resins. A 
solution of one part of camphor in twelve of ether is a good 
solvent for roasted copal. As a practical matter, it is 
worthy of note that copals which have become a swollen, 
syrupy mass by treatment with ether may be completely 
or in great part dissolved by adding this mass in small 
portions to warm alcohol; Manila, Kauri, and white and 
red Angola may be thus treated. These solutions may be 
diluted with hot alcohol; but if cold alcohol is added a par- 
tial separation will take place. Solution of finely powdered 
copal is helped by mechanically mixing with it dry sand or 
powdered glass or quartz; but this has little effect on the 
solubility, as a rule. However, the process of dissolving 
copal seems to be appreciably accelerated by pulverizing 
and triturating with the powdered copal about one-seventh 
of fluor-spar or antimony sulphide. According to recent in- 
vestigations the addition of one-half of i per cent of sul- 
phuric acid to alcohol greatly increases its solvent action on 
copal. Quite recently the so-called benzole mixture, which 
consists of equal parts of spirit of turpentine, bisulphide of 
carbon, and benzole, has been used to dissolve copal; white 
Angola, Congo, and Manila are mostly soluble in this mix- 
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ture, but the solution appears turbid. In the presence of 
chloral hydrate the solubility of copal is considerably in- 
creased; but this subject has not yet been fully investi- 
gated. In 8o-per-cent chloral-hydrate solution Manila is 
largely and Kauri partly soluble. 

Because in melting copal, and thereby driving off volatile 
oils, there is a considerable loss of weight, attempts are made 
to make copal varnish by cold processes. As the fore- 
going account shows, these attempts have not as yet been 
fully successful. Still, it is possible, using soft copals and 
suitably chosen solvents or mixtures of solvents, to make 
copal solutions which, by the addition of spirit of turpentine, 
alcohol, or other similar ingredients, may be used as lac- 
quers. According to Smith, the soft and more easily soluble 
and fusible gum resins and resins are dissolved in linseed-oil 
or other oil, and this solution acts as a solvent for the more 
difficultly fusible and soluble resins, as copals and the like. 
Smith makes use of these methods to bring copals into solu- 
tion without melting, to use as varnishes, by dissolving soft 
resins like damar and with this solution make a varnish of 
a hard resin at a relatively low temperature, at which the 
■weight of the resin is not diminished and the natural 
properties of it are preserved. 

Resenes, Tschirch, Harze u. HarzbehElter, p. 1090 et 
seq. Resenes are in general resin constituents containing 
oxygen, but not having the characters of acids, alcohols, 
aldehydes, ketones, lactones, or esters; they are not sol- 
uble in alkalies and are considered by Tschirch to be valu- 
able resin constituents on account of their resistance to 
chemical action. Some are soluble, others not, in such 
solvents as alcohol, ether, petroleum ether, etc. 

But the fact that resenes are present in considerable 
amount in Manila and other relatively soft and perish- 
able resins, and are in much less proportion in the harder 
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and more valuable ones, does not appear to indicate that 

they are of special value. 

Copals belong to that class of resins which are nearly free 
from resin acids or resin-oil acids, and also contain those 
very permanent substances, the resenes; they contain, 
moreover, ethereal oils, which are driven off by melting or 
distillation, a bitter principle, and coloring-matter. Zanzi- 
bar and Cameroon copals consist mainly of resin acids and 
resenes; in yellow Benguela and white Angola the prin- 
cipal ingredient is resin acid with a small admixture of 
resenes. Red Angola is similar but has more resenes. 
Sierra Leone, white Benguela, and Congo contain resistant 
substances in large proportions. Manila is composed most- 
ly of resin acids; but it contains more resene (12 per cent) 
than does Zanzibar (6 per cent). Kauri is made up of free 
resin acid, and some resene; Borneo (which resembles 
dammar) has resin acid and resene in equal proportions. 
The indifferent bodies, such as the resenes, outweigh the 
acids in varying proportions in the remaining resins; but 
Hymenaea copal from South America is chiefly composed of 
resin acids or resin-oil acids. 

Concerning the technical use of copal, considering its 
composition, the conclusion is reached that the best to use 
in practice is that which is most permanent when subjected 
to decomposing influences of all sorts. The most valuable 
constituent of resins, especially copals, from this standpoint 
is resene. But as dammar shows a resene content of 62)4 
per cent, while Zanzibar has only 6 per cent, and Manila 12 
per cent, and the West African copals less than dammar, so 
according to the above method of estimating value dammar 
is the best resin. It appears reasonable to value more high- 
ly those resins which contain but little air enclosed in their 
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mass, which is determined by taking the specific gravity of 
the resin in its usual condition, and find the difference be- 
tween this and the specific gravity of the same resin freed 
from contained air; resins showing small differences should 
be more valuable than their opposites. Thus treated, at 
15° C., Zanzibar gives 1.0621 and 1.0636, the difference 
being 0.0015. Lindy copal shows a difference of o.ooio; 
red Angola, 0.014; Cameroon, 0.015; Manila, 0.059; 
Hymenaea copal (South American), 0.0615; and Kauri 
0.064. The last three are according to this the least valu- 
able, and so on; in general this agrees with the facts. 

As a rule the harder resins are the more valuable. As 
has been already said, the class of the hardest includes Zan- 
zibar, Lindy and red Angola, next comes Cameroon copal, 
then Kauri and Manila, and at the end Hymensea copal. 
The conclusion that copals which show least difference of 
weights, as described, are most valuable, appears to be well 
supported by the foregoing data. Although copals show 
resistance to reagents in proportion as they contain resenes, 
yet they do not resist the action of solvents in like pro- 
portion, but rather the opposite; copals containing little 
resene are more difficultly soluble than those which con- 
tain more. Thus, Manila contains 12 per cent mancopal 
resene, and the dammar-like Borneo copal contains inore 
resene than resin acids, yet both are readily soluble in or- 
dinary solvents, such as g6-per-cent alcohol, ether, absolute 
alcohol, etc., as well as in the newer solvents, as a-dichlor- 
hydrin, terpineol, etc. Borneo copal is entirely soluble in 
carbon tetrachloride, and Manila mostly soluble in methyl- 
ethylacetone. For another example, genuine dammar, 
which has (> 2 % per cent of resene, is partly soluble in 96- 
per-cent alcohol, and quite soluble in warm ether and in ben- 
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zole, quickly so in a-dichlorhydrin, soluble in terpineol, 
and makes a turbid solution in tetrachloride of carbon. On 
the other hand, Zanzibar, with only 6 per cent resene, and 
the West- African copals with relatively little, dissolve with 
the greatest difficulty and in the new and most powerful 
solvents only, and then only partly, as a rule. The solubil- 
ity of copals does not increase with their content of 
resenes. 

Dammar . — In the European classification dammar means 
a resin from Java, Sumatra, and Borneo which is obtained 
from a species of Shorea, family of Diptocarpa. Under the 
name dammar are known also numerous Indian and Mala y 
resins which are obtained from various species of Dammara. 
Dammar is found in lumps and drop-shaped or flat pieces, 
grains or tears. It is found also in larger stalactitic masses, 
indicating that it exudes from the trees as a liquid resin and 
afterward hardens. The resin, the surface of which is 
usually smooth and shini^ is transparent and generally 
colorless or yellowish ; bu»nere is also a dark-brown variety 
called black dammar. resin of dammar (specific gravity, 
1.031-1.06) is of inferior quality; the heat of the hand is 
sufficient to make it sticky, and when heated further it 
begins to melt at 75° and at 150° is thinly fluid and clear; 
but there are varieties of dammar which melt between 180 
and 200° C. 

Ethyl alcohol dissolves 71.4 per cent (according to Andes 
only 45 per cent), amyl alcohol 87.6 per cent, and amyl 
acetate about 97 per cent; it is entirely soluble in benzole, 
carbon bisulphide, carbon tetrachloride, monochlorbenzol, 
chloroform, and spirit of turpentine. Solutions in the last 
have a milky turbidity which can be cleared up by adding 
absolute alcohol. Black dammar is soluble in benzole, chloro- 



1 


l6 VARNISH-MAKING 

form, and spirit of turpentine, and partly soluble in alcohol 
and ether. 

Lac (Shellac ). — ^Lac is obtained from a tree growing in the 
East Indies, the twigs of which are punctured by a special 
lacquer-making insect, which causes the secretion of lac, 
which is found hardened on the older twigs; it is orange- 
yellow, sometimes more or less dark-red. It is obtained in 
commerce mixed with bark and twigs. When in this con- 
dition it is called stick-lac; the resin which has been de- 
tached from the trees is known as seed-lac or grain-lac ; these 
grades can also be made from stick-lac. Lac-dye is a dye- 
stuff of a red color obtained from these crude lacs. In the 
■manufacture' of shellac the easily fusible resin, which is 
the pure shellac, is separated from the more difficultly 
fusible and the impurities. Lac comes commercially in 
clear and dark sorts; its color is usually from light brown 
to deep brown-red. Its value is estimated according to the 
brilliancy of its coloring; that with the most intense color 
is most highly valued. Seed-lac is chiefly obtained as red- 
dish-yellow grains, which often contain but little coloring- 
matter. Shellac comes in various grades, which are named 
according to color, as orange shellac, ruby shellac, etc., and 
is from clear yellow to brown or red-brown; it is soluble 
in cold alcohol with the exception of some insoluble sub- 
stance known as shellac-wax; in hot alcohol the wax dis- 
solves, but on cooling it again separates. 

To remove the wax it is customary to put two parts of 
shellac in a solution of one part of soda in forty parts of 
water, and boil imtH the wax comes to the top; on cooling 
it may be removed. The liquid is filtered, then acidified, 
and the resin precipitates in friable lumps, which are 
strained off and melted .to drive out the water. To make a 
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clear spirit varnish dissolve one part of wax-free shellac in 
three or four parts of alcohol (92 per cent by volume) , and to 
this add, little by little, distilled water (one part at most) 
until a cheesy mass separates, and the supernatant fluid is 
clear; this is then filtered through paper. The residue is 
squeezed, agitated with alcohol, and squeezed again, and 
the filtrate added to the previous filtrate; then the alcohol 
is distilled off, leaving a pure dry resin, which is soluble in 
96-per-cent alcohol. Another way is to add one part of 
pulverized chalk to a solution of one part shellac in six 
parts of 90-per-cent alcohol, and agitate well; on standing 
the insoluble matter settles out and is filtered off, and the 
residue washed with alcohol. Shellac is not entirely 
soluble in ether, bisulphide of carbon, or volatile oils. It is 
worthy of notice that at loo*^ C. shellac melts with a char- 
acteristic odor. 

In varnish-making bleached shellac is often used. Shellac 
is bleached with bone-black, chloride of lime (or hypochlor- 
ite of soda), and sulphite of soda. Chiefly it is bleached 
with a solution made by mixing a solution of chloride of lime 
with soda solution, making hypochlorite of soda, which is 
added to alcoholic shellac solution until bleaching is ef- 
fected. From this solution the resin, which is now of a very 
pale yellow color, is precipitated by dilute hydrochloric 
acid. The last trace of color is removed by boiling in water. 
Colorless shellac solution is especially used in lacquering 
metallic objects. To get rid of the final presence of a small 
amount of chlorine, which is often found in bleached shellac, 
some sulphite of soda is addfed before the last addition of 
hydrochloric acid, in order to avoid the objectionable action 
of chlorine. Recently endeavor has been made to avoid the 

expense of using alcohol, and in practice sulphuric acid is 
2 


i8 


VARlSriSH-MAKING 


used instead of hydrochloric. Four kg. soda is dissolved in 
6o liters of water, heated to boiling, 12% kg. shellac added, 
and the boiling continued until it is dissolved; 20 liters of 
water and 80 liters of hypochlorite of soda are then added. 
This latter solution is made by dissolving 44.65 kg. chloride 
of lime in 80 liters of water and adding to it soda solution 
(50 kg. soda in 80 liters water) as long as a precipitate is 
formed. After settling the clear bleaching-solution is 
drawn off from the precipitated carbonate of calcium. 
After the shellac solution has been thoroughly agitated with 
the bleaching-solution the whole is allowed to stand (about 
twenty-four hours) until a tested sample shows it to be 
colorless. The shellac is precipitated by adding dilute sul- 
phuric acid (2 liters sulphuric acid of 60° B6. to 20 liters of 
water) until no further precipitation takes place. The pre- 
cipitated resin is strained out with linen cloth or a fine sieve, 
and washed with water until entirely free from acid. For 
varnish-making it is not necessary to soften the resin in hot 
water and knead it into masses of a silky lustre; it is suffi- 
cient to dry it. The alcohol-solubility of white shellac be- 
comes less by keeping; it may become insoluble. Bleached 
wax-free shellac makes a clear solution in alcohol; but or- 
dinary white shellac makes a solution having a milky tur- 
bidity, which is due to the wax it contains. Bleached shel- 
lac persistently holds a little water, which may be the 
partial cause of turbidity. To rid the shellac of this 
moisture as much as possible it is ground and spread out 
in the air to dry for a day. 

Shellac . — ^To remove wax from shellac, dissolve 50 
J lbs. shellac resin in 60 lbs. wood-alcohol. Warm it in a 
closed vessel (tin-lined is best — a tin can) to 120° F., then 
add 60 lbs. petroleum benzine, gravity 68°_^to 70° B^.; 
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mix thoroughly and let it stand three hours at loo"^ to 120° 
F. Siphon off as much of the benzine as possible, then 
add 25 lbs. fresh benzine at the same temperature as 
before, mix thoroughly, settle for three to six hours, and 
draw off the benzine as before. Finally, add 15 lbs. 
benzine and settle over night; in the morning draw off 
the benzine, filter the alcoholic solution through cotton 
cloth (70 meshes to the linear inch), warm it to 120"^ F. 
and let it stand at the ordinary temperature about three 
days, then siphon off the clear solution carefully from the 
dregs. The yield should be 96 to 100 lbs. of clear solu- 
tion, which if evaporated on a water bath leaves about 
43 per cent of solids. 

Grain (ethyl) alcohol is not a good solvent for this 
process. 

On a large scale shellac-varnish is cleared of wax by 
slow filtration through a filter-press. The shellac is run 
into the press by gravity, at low pressure; it probably will 
not filter at all if forced in with a pump; after a little it 
comes out quite clear. This is a slow process, but in- 
volves very little labor, expense, or waste. 

Shellac . — An interesting popular paper on the origin 
and preparation of shellac is to be found in Jour. Roy. 
Soc. ArtSy Ivii. 660, by A. F. Suter. 

Further articles on shellac will be found in the appen- 
dix of this book, on analytical methods. 

Mastic . — Mastic is chiefly obtained from the island of 
Chios, and is produced by a tree, the Pistacia lentiscus, L. 
Incisions are made in the trunk, from which the liquid 
resin trickles and forms spherical or tear-shaped grains; 
it also exudes in drops from the twigs. 

Pure mastic (specific gravity 1.04 to r.07) is that which 
is in tears; it comes principally in rounded pieces of the size 
of a pea (from 0.5 to 2.0 cm. diameter), in color pale yellow 
inclining to green, with an aromatic taste and, when heated, 
a characteristic odor. It is free from dirt and other impuri- 
ties, and the dissolved pieces form a cheaper grade. The 
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resin is very brittle, but softens in the mouth after long 
chewing. An inferior grade softens at 85° to 93® C., and 
melts at about 103^; the better quality softens at 99° and 
melts at 108"^. 1 

There is in commerce besides Chios mastic a variety [ 

called Bombay or East-Indian mastic, which is partly in 
grains or shapeless lumps and partly in tears like that from 
Chios. It is yellow to brown in color and smells like tur- 
pentine when heated. Chios mastic is partially (80 to 91 
per cent) soluble in cold alcohol, wholly in boiling alcohol; 
the alpha-resin (mastic acid, C40H0P4) is soluble in cold 
alcohol, the beta-resin (masticin, C.^yH^gOa) in boiling alco- 
hol. Mastic contains also an ethereal oil. Bombay mastic ^ 

is quite soluble in absolute alcohol; a film of the solution 
allowed to dry on glass in the air requires more than 
twenty-four hours to dry. 

Mastic: L. E. And^s, Rev. Fett-Harz-Ind.^ xiv. 190-^191, 

and C. A.^ i. 2750. 

Sandarac . — This resin is obtained from a species of cy- 
press {Callitris quadrivalvis) , which grows in northeastern ^ 

Africa; in part it exudes naturally from the bark, but is also 
obtained from incisions in the bark, which are made for the 
purpose. Sandarac occurs in elongated, small, brittle tears, 
having a vitreous fracture; in color it is pale yellow, yellow, 
and brownish. It has a characteristic odor, especially 
when warmed; does not soften by chewing, swells up and 
melts at 135'' or 136'' C. In 96-per-cent alcohol, ether, 
methyl-ethyl-ketone, and acetone it is quite soluble, and 
very soluble in a-dichlorhydrin and terpineoL It is only 
slightly soluble in carbon' tetrachloride and in benzole, and 
insoluble in monochlorbenzole. By the addition of 10 per 
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cent of absolute alcohol to a mixture of the resin with car- 
bon tetrachloride a clear solution is obtained, and a like 
result is obtained with alcohol and monochlorbenzole. 
This last solution makes a varnish which dries with a mat 
surface. 

Sandarac: Tschirch and Wolff, Arch. Pharm., ccxliv. 

684-712, and C. A.^ i. 1165. Chemical constituents, 

especially acids. 

Elemi . — This is a turpentine-like resin, which has a speci- 
fic gravity of 1.018 to 1.083, obtained from various plants 
of the family of Burseracea, in Central and South America, 
West and East Indies, and Manila. Ibis at first soft and 
hardens by degrees; and elemi varies from a turbid, sticky, 
yellowish-white, thick mass, as is Manila elemi, to a solid 
resin, like Mexican elemi. The last has a laminated struc- 
ture, a coarsely conchoidal fracture, and pale yellow color; 
in the air it becomes milk-white and is covered with a white 
crystalline powder. 

Elemi consists, besides volatile oil, of two different resins, 
of which one is soluble in cold, the other in hot alcohol. It 
contains between 3.5 and 13,7 per cent of a mixture of 
volatile oils isomeric with spirit of turpentine. Elemi resin 
softens at 80° and melts at 120° C. It is partly soluble in 
monochlorbenzole. It is not by itself made into a varnish, 
but is added to a variety of spirit varnishes; it makes them 
less brittle and more elastic. For this the various sorts of 
elemi are better than turpentine, because they hold their 
volatile oil more tenaciously. To make varnishes elastic, 
elemi, castor-oil, and Venetian turpentine are melted 
together, and this compound is added to the solution 
of resin. 
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Elemi: A. M. Clover, Philipp. Jovr. Sci., ii. 1-40, and 
C. A.j i. 2158. Manila elemi is obtained from Camrium 
luzonicunij locally known as pili; contains 25 to 30 per 
cent volatile oil, constituents of which are described. 

Colophony and Hardened Rosin. — It is well known that 
colophony or rosin is obtained from coniferous trees; tur- 
pentine, from which rosin and turpentine-oil are made, is 
the balsam of their resins. Rosin is highly lustrous and 
transparent, odorless and tasteless, and very brittle. It va- 
ries in color; it is wine-yellow, clear yellow, amber-colored, 
and so on to very dark brown or brown-black. The impure 
crude turpentine is called pitch; there are yellow, red, and 
black varieties. In recent years colorless, refined rosin is to 
be had; from America we have a commercial article that is 
of a beautiful clear yellow color. Colophony consists chiefly 
of rosin acid (abietic acid) ; besides there are inactive sub- 
stances, i)roto-catechu-acid, bitter principles, and traces of 
mineral ingredients. Rosin melts at 1 20*^ C. ; it is soluble in 
alcohol, ether, methyl alcohol, amyl alcohol, benzole, ace- 
tone, chloroform, carbon bisulphide and spirit of turpentine, 
and very soluble in petroleum ether; partly soluble in 
petroleum. Recently colophony has been bleached. These 
pale varieties are used in making varnish, and are hardened 
by blowing air or oxygen through the melted rosin with 
(or without) admixture of drying-oils, rosin-acid salts, etc. ; 
by raising the temperature and pressure the process is made 
more rapid. To harden rosin it is also the practice to stir 
zinc oxide into the melted rosin and heat the mixture to 
200° C. The acid which it contains unites chemically with 
the zinc oxide, and the change produces an increase of hard- 
ness. Rosin is used in making various varnishes, such as 
rosin-spirit varnish, rosin-asphalt varnish, etc., also book- 
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binders’ compositions and the like. To lessen the brittle- 
ness, crude turpentine is added to rosin- varnishes, as has 
already been said. In bookbinders’ varnish transparent 
rosin, rectified rosin-oil, and well-settled linseed-oil are used. 
Hardened rosin can be used with advantage in making 
varnishes. Varnish made with zinc resinate withstands 
atmospheric influences and is more durable than if made 
with common rosin. 

Rosin: P. Levy, Z. angew. CAm.,xviii. 1739, and Ber., 
xxxix. 3043-46, and C. A. 54. Abietic acid, etc. 

C. Schwalbe, Wochhl. Papierfabr., xxxviii. 1303 (Apr., 
1907), and C. A., i. 2635. 

Vezes, Proc, verb. soc. phys. nat.^ Bordeaux, 1905-06, 
p. 75, and C. A,^ i. 2638. Manuf. of turpentine and rosin. 

C. Bachem, Arch. exp. Path. Pharm., Ivii. 222 (1907) 
and C. A.^ i. 2802. Dry distillation of rosin 3delds CO2, 
CO, CH4, N, and heavy hydrocarbons. 

M. W. Shkatelov, Mon. Sci., xxii. 217-227 and 548, and 
C. A., ii. 1714 and 2872. Properties of rosins from 
various sources. 

G. B. Frankforter, Jour. Am. Chem. Soc., xxxi. 561-565. 
Rosin of Norway Pine. C. A., iii. 1817. 

See also appendix on analytical methods; also section 
on manufacture of rosin-varnishes. 

Gum Benzoin. — This comes from Sumatra, Java, and 
Borneo, from a tree (Styrax benzoin, Dry.), which is a native 
of these islands and of farther India. In the market there 
are various sorts; benzoin in tears, almond-benzoin, block- 
benzoin, and Penang-benzoin. Almond benzoin is the best. 
In block-benzoin there are white grains enclosed in a brown- 
ish mass; in Penang-benzoin the mass (matrix) has a choco- 
late color. When warmed it gives off an agreeable odor; 
it melts at 75° to 95° C. It is soluble in alcohol, all except 
the impurities; in ether, volatile and fixed oils it is partly 
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soluble. It is composed of resinous bodies and benzoic acid ; 
in some sorts the latter is replaced wholly or in part by cin- 
namic acid. It is used to impart a fragrant odor to spirit 
varnishes; there is also a so-called benzoin-extract, made of 
one part benzoin to two of absolute alcohol, by weight, with 
which a hard gloss can be imparted to a lacquer. 

Benzoin: D. M. Figart, U. S. Consular and Trade 
Reports, 1911, p. 1148: 

‘^Gum Benjamin,” or benzoin, is the aromatic resin 
of the Styrax benzoin of the order Styraceae, a common 
tree of the Malay Peninsula and Sumatra. The Malay 
name of the product is keminiyan. 

In trade there are two forms of the gum used, the 
Palembang benzoin, which is undoubtedly the product of 
the Styrax benzoin, and Siam benzoin. The latter is 
believed to be derived from a different species and is re- 
ported to come from Laos. Up to the present time, 
however, there has been obtained no botanical material 
enabling one to decide from what tree it is derived, 
although many attempts have been made to induce 
people living in Siam to procure specimens. 

The Sumatra, or Palembang, tree inhabits dense 
forests at low elevations and attains a height of 60 to 
80 feet or more. It has smooth gray bark, and the 
leaves are lanceolate, light green above, white or whitish 
beneath. The flowers in panicles or racemes are white 
and very fragrant. The fruit is globose, flattened at 
each end, pale grayish-green, to i inch across, with 
rather thick, hard green pulp, and two hemispheric 
brown seeds. The tree flowers when it is about 12 
feet tall, and is worth cultivating for its fragrant and 
pretty blossoms. 

It is very abundant in many parts of the Straits Settle- 
ments. The benzoin produced by the Malay Peninsula 
tree seems to be quite as good as that from Palembang, 
but for some reason the natives here seldom collect it. 
The resin does not flow readily when the tree is cut, and 
the bark has no scent or signs at first of it, but about a 
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fortnight or so after the infliction of a wound it exudes and 
often trickles down the bole. 

The resin usually appears in the market in cubic blocks 
of a brown color, containing opaque yellowish- white tears 
or almonds, with a good deal of debris of bark and wood. 
The more tear in the mass the more valuable is the 
benzoin. The imatran benzoin is not valued so highly 
as the Siamese dnd, having a less strong and pleasant 
odor and also v^ieing less pure. Benzoin is used in the 
preparation of benzoic acid, in medicine, and as a per- 
fume. 


Anther . — ^Amber is a resin produced by coniferous trees 
of a past age, which grew on land which is now under the 
waters of the Baltic Sea. The resin, the specific gravity of 
which (0.9217 to 1.085) been diminished a little by the 
sea-water, is loosened by storms from the bottom of the sea 
and thrown upon the shore, where it is collected; it is also 
obtained by dredging the sand along the sea-margin, and in 
various places it is found by mining. It is graded according 
to color, purity, size and form of the pieces; it is clear sul- 
phur-yellow, dark yellow, brown, red, blackish-brown, and 
white; it is transparent or clouded with white, etc. When 
warmed and rubbed it becomes electrified; if thrown on 
glowing coals it burns with a reddish, clear bright flame, 
and gives off an aromatic and characteristic odor. It is 
composed of carbon 79 parts, hydrogen and oxygen , each 
10.5 parts; by dry distillation it yields succinic acid, 
amber-oil, and water. The residue is amber-colophony; 
more strongly heated it is decomposed into a thickly-fluid 
brown benzole and amber-camphor. It is but slightly sol- 
uble in alcohol and ether; somewhat soluble in benzole, 
chloroform, and alcoholic solution of camphor. It is only 
slightly soluble in volatile and fixed oils. By Pahner^s 
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method amber may be dissolved with only a slight loss of 
amber-oil, by heating it, in a glass vessel, in an oil-bath. 
Boiling linseed-oil softens it. As a rule melted amber is 
used in making amber varnishes. For this the chips and 
trimmings which are left in working the larger pieces, and 
the impure and small pieces which are got in dredging, are 
used. 

Japanese and Chinese Lacquer , — Raw Japanese lacquer 
(Kiurushi) is a liquid sap of the varnish-tree {Rhus verni- 
ayem,D.C.),bothnative and cultivated in China and Japan; 
it is a more or less thickly fluid emulsion, of a gray-white 
color. The pure Japanese lacquer, which has a specific 
gravity of 1.002 to 1.037, is made from the raw lacquer by a 
process oj. purification; it finally comes to market as a 
tawny-colored, syrupy liquid. It contains 60 to 80 per 
cent of acid — urushic acid, CnHigOz — and 10 to 34 per cent 
water, a kind of gum, frequently some oil, and albuminous 
bodies. The last-named ingredient acts as a ferment, and 
under its influence the lacquer hardens, the urushic acid 
absorbing oxygen and becoming oxy-urushic acid, C^HigOs. 

Regarding the drying of Japanese lacquer, either alone or 
in combination with other substances, it is to be observed 
that it dries quickly in a damp room, as the action of damp 
air on the lacquer rapidly hardens it. 

Sixty to 80 per cent of Chinese or Japanese lacquer is 
soluble in alcohol, ether, benzole, and carbon bisulphide. 
Lacquer collected outside of Japan and brought to market 
by the Rhus Company is similar to real Japanese lacquer; 
both products are used in making lacquered ware, which 
excels all other varnished work in lustre, hardness, and re- 
sistance to high temperatures and solvents. 

It seems worthy of mention that Japanese Rhus lacquer is 
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able to unite with caoutchouc or gutta-percha without the 
aid of a solvent, to make a homogeneous, quick-drying, 
highly lustrous lacquer. 

Burmese varnish, very much like Japanese lacquer, is 
the subject of a valuable paper by Puran Sing, F.C.S., 
etc., in Indian Forest Records ^ vol. i., part 4, 1909, pp. 
287-308. 

Chinese and Japanese lacquer, descriptions, J. J. Quinn, 
British Consular Reports^ 1882; J. J. Rein, 1889, Indus- 
tries of Japan; Sabin, Tech. Paint and Varnish, 1904; 
Tschirch and Stevens (review of literature of subject), 
Mon.Sci., Oct., 1906, 731-760; scientific papers, Majima 
and Cho, Ber., xl. 4390-93; Majima, Ber., xlii. 1418-23; 
Miyama, J, Coll. Eng. Tokio, iv. 89-110, 201-204, and 
Chem. Res). Fett-Harz-Ind., xv. 148-149. 


c. Colored Resins.* — Acaroid Resins: The red variety is 
also called Nutt-resin, and the yellow is called Botany-bay- 
resin, and they are obtained from various sorts of Xanthor- 
rhcea, belonging to the Liliacea, which are natives of con- 
tinental Australia, Tasmania, and the Australian islands. 
A similar resin also comes from the West Indies. 

The red resin is obtained in larger or smaller pieces, 
generally mixed with sand; they have a resinous lustre, are 
lumpy, brownish in color, but their fragments appear ruby- 
red by transmitted light. The yellow resin forms rounded 
or sometimes long pieces, usually colored reddish-brown, 
having the odor of benzoin. All the acaroid resins are sol- 
uble in alcohol. The alcoholic solutions of these resins 
can be used instead of shellac colored with gamboge and 
dragon’s-blood, without other coloring-matter, to impart a 
jfine yellow or red tone to the surface of brass-ware. The 

* Seed-lac, which also belongs among these, has already been de- 
scribed under Shellac. 
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solutions of acaroid resins do not fade in the light, unlike 
those of gamboge and dragon’s-blood. 

Dragon^ s-blood . — It comes principally from various 
species of Daemonorops, of the Palm family, which are 
natives of Farther India, Sumatra, and Molucca. It comes 
into the market as stick dragon’s-blood, and in lumps, 
cakes, and tears. Dragon’s-blood from India contains about 
57 per cent of a red resin (dracin), with some clear yellow 
and a little white resin, and a remainder of vegetable matter. 
The best sorts have a deep red color, often blackish; the less 
valuable a brick-red color; the specific gravity, which is 
from 1. 195 and 1.275, higher in the better sorts. It melts 
at 70° C. and is readily soluble in alcohol; it is used only 
on account of its color. It is used in red spirit varnishes and 
polishes; especially with gamboge, mastic, elemi, sandarac, 
seed-lac, shellac, etc., for making gold-colored varnishes, 
such, for example, as are used on picture-mouldings. 

Gamboge . — This resin is obtained from various species of 
Garcinia (Guttifera) in Farther India and the island of 
Ceylon. It exudes from broken twigs and leaves of the 
trees, as a yellowish, milky juice which hardens in the air; 
it is also obtained by making incisions in the tree or from 
the bark. 

The Siamese gamboge is the most common in the Euro- 
pean market, and is classed according to form and quality 
as tubular, cake and lump gamboge, and as common gam- 
boge. The tubular contains 74 to 86 per cent, and the 
cake 64 to 68 per cent of resin or gamboge-yellow; there is 
also 15 to 27 per cent of gum, and usually about 5 per cent 
of water; and some mineral matter. The tubular variety 
comes in cylinders hollow from end to end, brittle, shining 
fracture, and red-yellow to clear brownish-red; on long 
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exposure to the air it becomes covered with a greenish- 
yellow to dark green layer. 

Cake gamboge is in fragile, irregular pieces, with a dull 
glassy fracture. Gamboge dissolves readily, making a 
yellow-red solution, in alcohol and ether; the solution is 
decidedly acid. It is used as a coloring-matter in spirit 
varnishes; especially with dragon’s-blood in making gold- 
lacquer. 

d. Various Raw and Artificial Products . — Natural . 4 ^- 
phalt: Asphalt or bitumen has a specific gravity from 1.07 
to 1. 1 10, and comes from various places, e.g., from Utah, 
North America, Mexico, Peru, Cuba, the island of Trinidad, 
Syria, the Dead Sea, etc., either in beds in the earth or 
floating in the sea-water. It is in black, shining brittle 
pieces having fiat conchoidal fracture, which on heating 
give off an unpleasant odor.* 

Asphalt is a solid polymeric product of the high-boiling- 
point petroleums, which has become oxidized and by this 
change become black. It melts easily (at about 80"^ C.), 
and in melting gives off a thick, heavy vapor. When 
ignited it burns with a red, very smoky flame, and leaves a 
little blackish-brown or gray ash. Inferior grades have 
more ash. Syrian and similar asphalts, which are easily 
soluble in spirit of turpentine, benzole, petroleum, and 
chloroform, are used in making asphaltum varnishes. It 
is also soluble in mono- and dichlor-benzol. 

Coal-tar Pitch . — It is obtained, in the distillation of coal- 
tar. It resembles asphaltum, and is used as a substitute 
for it. It is used together with natural asphaltum, ordinary 
resins, colophony, wax, etc., and with benzole, spirit of tur- 
pentine, linseed-oil varnish, etc., to make asphalt varnishes. 
/Along with coal-tar pitch we may class the solid, densely 
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black asphaltum which is a residue from refining petroleum, 
which is used in place of natural asphalt. Artificial asphalts 
come under various names, as Gilsonite, Cuban asphalt, 
etc., and, as has already been said, resemble natural asphal- 
tum in color, lustre, and hardness; they have a dull, 
brown, brownish-black, or black surface. (These are names 
of natural asphaltums, and artificial products are never 
sold under these names in America, whatever may be the 
practice in Europe. — Translator.) 

Gutta-percha. — Gutta-percha is the dried milky juice of a 
tree, the Isonandra gutta^ family Sapotea, which grows in 
the islands of the East Indies. 

The milky juice is obtained from incisions in the trunk of 
the tree, and before it becomes entirely hard it is made into 
long pieces by the hands. The best quality is white with 
yellowish or reddish tinge; the poorer grades are reddish 
and brownish. F or the most part it is a tough, fibrous mass, 
the average specific gravity of which is 0.975; at 25® C. 
it is flexible, begins to soften at 48^, and is quite plastic 
at 60°; at 1 20^^ melts to a thin, mobile liquid; dry distilla- 
tion yields a yellowish, disagreeably smelling liquid (gutta- 
percha-oil). Gutta-percha is a hydrocarbon, of which the 
chief constituent (78 to 82 per cent) is the so-called Gutta, 
a white substance insoluble in alcohol or ether; besides 
which it contains 14 to 16 per cent of Alban, and 4 to 6 
per cent of Fluavil, which are oxidation products from 
gutta. 

Gutta-percha is easily soluble in petroleum ether, carbon 
bisulphide, and chloroform; it dissolves also with gentle 
heat in benzole, spirit of turpentine, petroleum, caout- 
chouc-oil, and gutta-percha-oil. By the evaporation of the 
solvent the gutta-percha remains as a film which is remark- 
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able for its resistance to chemical action and impermeability 
to water. 

To make a gutta-percha solution of purified gum, which 
is prepared by precipitating it from a solution, add to the 
solvent, which may be bisulphide of carbon, spirit of tur- 
pentine, or the like, from 5 to 50 per cent, as may be neces- 
sary, of alcohol or wood-alcohol. This prepared solvent 
being ready, the gutta-percha is kneaded with a little of the 
chosen solvent, and then enough of the prepared mixture 
added to it to make a syrupy fluid, which is allowed to settle 
for three or four days. 

If it is desired to make a varnish, such, for example, as 
is used on leather, one part of good dry gutta-percha is dis- 
solved in a water-bath in eight parts of linseed-oil varnish, 
or in ten parts of linseed-oil; in the latter case the mixture 
may be heated until the gutta-percha is melted. This 
varnish can be colored by mineral pigments, which are to be 
ground in copal-varnish and added with thorough agitation 
to the gutta-percha solution. 

Caoutchouc . — This substance, also called india-rubber 
and gum elastic, is the inspissated milky juice of various 
plants (chiefly trees), which are natives of tropical countries, 
especially in Brazil, Mexico, Central America, West Africa, 
the East Indies, and in Madagascar, Borneo, and Sumatra. 
It is prepared from the milky juice either by simply drying 
it or by various treatments. In commerce the following 
are the most important sorts: Para or Brazilian rubber, 
that from Carthagena (Colombia), West Indian or Central 
American rubber, African (from Gaboon, Congo, Angola, 
etc.), and that from Madagascar. 

Rubber, according to its source and preparation, is a more 
or less dark-colored, tough, extremely elastic susbtance, with 
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a characteristic odor; chemically it is a terpene polymer 
(CioH^e)* Heated to 120*^ C., it melts, but remains, after 
cooling, sticky and soft, and even in thin layers dries only 
after a long time. In melting it gives off a peculiar odor, 
and on heating more strongly it burns with a bright 
flame. 

Rubber is very indifferent to chemical action; treated 
with the common solvents, as ether, benzine, carbon bi- 
sulphide, and mixtures of these, it swells and partly dissolves ; 
to completely dissolve it a large amount of solvent is nec- 
essary. The insoluble part, which is very difficult to sep- 
arate, is tough, little sticky, softer, and less elastic than the 
other part; it contains the coloring-matter. Before dis- 
solving india-rubber it is dried for a considerable time, 
being cut up into small pieces and left at to 80® C. un- 
til it ceases to lose weight. Before dissolving it is also the 
custom to boil it with solution of carbonate or caustic 
soda, then thoroughly wash it and dry. If it contains 
moisture it is not completely soluble. 

As has been said before, as a rule the solvents, which 
must also be absolutely free of water, dissolve rubber only 
partially. If it is attempted to make a perfect solution by 
heat it often happens that decomposition takes place; on 
thinning such a solution a mass separates which has not the 
characteristics of rubber, and, especially when dried in thin 
films, remains sticky. By the use of certain mixtures of sol- 
vents, as 100 parts carbon bisulphide and 6 to 8 of absolute 
alcohol, it can be completely dissolved, and can be made 
thin; a solution which by evaporation leaves films of rubber 
having aU its recognized characteristics. 

A good solvent for rubber is caoutchouc-oil, which is made 
by the dry distillation of rubber; next are benzole, chloro- 
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form, carbon bisulphide; and especially spirit of tur- 
pentine, containing 2 to 5 per cent of sulphur, is a good 
solvent. 

Besides the ordinary rubber is hard rubber, made by 
chemical treatment of rubber, used for making varnish. 

Ceresin .- — Ceresin is a substance which looks like wax, 
and is obtained by refining ozokerite, a sort of natural 
paraffine. It is also called artificial wax, but chemically 
has no similarity to beeswax. 

Ceresin is used for floor-wax in mixtures such as with 
stearine, yellow wax, potash, hard soap, water, and coloring- 
matter, also with paraffine-oil and lime-water, also with 
petroleum, spirit of turpentine, and benzine. 

PFax.— Natural yellow wax (beeswax) is used largely 
for floor-wax, and white wax, which is bleached beeswax, 
for varnish used on white metal, brass, and masonry. Wax 
is often adulterated with vegetable substances, such as 
Japan wax, of wax-like properties; also with paraffine. It 
is only partly soluble in boiling alcohol, but completely so 
in warm ether, spirit of turpentine, benzine, benzole, and 
carbon bisulphide. 

For example, a solution may be made of one part wax in 
two parts warm benzole; the solution (wax lacquer) may 
be diluted with petroleum or light oil of coal-tar; it is used 
on brass and white metal, although the film is not transpar- 
ent and conceals the lustre of the metal. For use on mason- 
ry it is melted and dissolved in spirit of turpentine, and 
after cooling mixed with dammar varnish. 

To make a flatting varnish one part of white wax is mixed 
with two parts of copal varnish, the mixture warmed and 
agitated, and eight parts of spirit of turpentine is gradually 
added with continued agitation. 
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Beeswax: G. Buchner, Chem.-Ztg., xxxi 126, 570, 10S5, 
andC. A., i. 1065, 2161, ii. 471; K. D. Helfenberg, Chem- 
Ztg.^ xxxi. 987; C. A., ii. 192; K. Dieterich, Pharm. Post, 
xl. 639; C. A., ii. 714; R. Berg, Chem.-Ztg., xxxii. 777; 
C. A., ii. 3005; XJ. S. Pat. 883,661, bleaching beeswax 
with fuller’s earth. 

Paraffine. — Paraffine, a mixture of many hydrocarbons, 
is obtained in the distillation of lignite and peat, as well as 
of mineral oil. It is a solid, white or yellowish, translucent, 
wax-like substance, which melts at 40° to 53® C. and is 
soluble in alcohol. It is used in lacquers to diminish their 
brittleness. In this way a varnish which does not admit 
of the addition of oil, may be made less brittle; for example, 
shellac varnish may receive an addition of paraffine, 
stearine, or spermaceti in alcohol, ether, or other solvent. 

Spermaceti. — This is obtained from sperm whales 
{Physeter macrocephalus) ; it is found in bony cavities in 
their heads. It is a white, flaky, brittle mass, with a pearly 
lustre, soft to the touch, and melts at 38® to 47° C., accord- 
ing to its purity. It is used in varnishes in the manner 
already described; it is dissolved in alcohol, ether, or spirit 
of turpentine, and added to shellac varnish in the propor- 
tion of twenty to thirty parts of spermaceti to a hundred 
parts of shellac (or other) resin. 

Camphor. — Obtained by sublimation from the wood of the 
camphor-tree [Camphor a officinalis), which is cultivated in 
China and Japan. It is a white, lustrous, crystalline, very 
volatile substance, of a characteristic taste and odor. It 
melts at 175° C. It dissolves readily in alcohol, ether, 
and oils. 

Borneo camphor, which comes from camphor-oil or the 
camphor-tree [Dryobalanops camphora) of Sumatra and 
Borneo, is similar to ordinary camphor. 
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Camphor is used in making celluloid and celluloid var- 
nishes. One part of camphor in twelve parts of ether is 
a solvent for roasted copal. Two parts of camphor in three 
parts of alcohol is used as an addition to spirit varnishes 
to make them more elastic. 

Resin Esters . — Resin esters are chiefly made from colo- 
phony, but may be from other resins, as well as solid petro- 
leum acids, etc. Usually a resin ester is made by combining 
a resin acid with an alcohol, with the elimination of water. 
Both natural resin acids and synthetic acids may be used; 
the details of the methods employed cannot be given here- 
Some of them are soft, colorless, resin-like bodies, used as 
additions to the soft resins such as mastic, damar, sandarac, 
and the like; others are very hard resinous bodies, used with 
hard resins like copal and amber. They may be used like 
natural resins in making oleo-resinous varnishes and also 
as solutions in spirit of turpentine, benzine, etc.; these 
latter are used with additions of wax, parafiine, palmitin, 
linseed-oil, etc. The cooking of resin ester with linseed-oil 
is best conducted in closed kettles, in an atmosphere of 
indifferent gases, such as CO2, and with the addition of a 
small percentage of peroxides, such as PbOa or Ba 02 . Clear 
varnishes are thus made. 

Nitrocellulose and Celluloid . — Cotton waste (cellulose, 
(C6H10O5)) is treated with a mixture of nitric and sulphuric 
acids in nitric ester, and according to the intensity of the 
reaction is converted into gun-cotton, pyroxyline (C12H14 
(N02)60 io), or into dinitrocellulose. The last, commonly 
called nitrocellulose, is easily soluble in a mixture of ether 
and alcohol; this solution is called collodion. When di- 
nitro-cellulose is mixed with camphor and heated under 
a high pressure to about 120® C., it is converted into a sub- 
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stance called celluloid. Nitrocellulose is used in making 
a variety of lacquers; thus, collodion is used as an antiseptic 
coating, protecting the hands from infection. 

The substance used to make films in dermatological 
practice is called surgical skin varnish.^’ Collodion is used 
for this; but mixtures are made of it with castor-oil or 
Canada balsam. 

Bottle lacquer is made by adding to collodion i per cent 
of camphor or 2 per cent of acetone; made sufficiently thin 
the film is colorless and transparent, and may be colored 
with aniline colors so as to produce artistic effects. 

Celluloid is a white, horn-like substance, soluble in al- 
cohol and ether. To dissolve it, it is cut up into shreds 
and moistened with alcohol and ether, left to stand for 
some hours, and finally treated with the solvent. To carry 
this out in a small way it is necessary to put the celluloid 
in a well-closed vessel with a portion of solvent, let it re- 
main at least twenty-four hours, toward the last in a water 
or steam bath, then add another portion of solvent, draw 
off that which has dissolved, add more solvent, and con- 
tinue the. treatment, with frequent shaking, until solution 
is complete. Besides alcohol and ether, celluloid is soluble 
in acetone, spirit, of turpentine, benzine, amyl acetate, etc., 
either alone or in various combinations. The solvent must 
be free from water, or the resulting film will not dry with a 
bright surface. An especially useful solvent for nitro- 
cellulose or celluloid is a mixture of alcohol and acetone, 
which makes lacquers suitable for a variety of uses. For 
making celluloid lacquer it is necessary to use either dry, 
hard, or spongy celluloid, and to make the solution in a 
thoroughly tight vessel, provided with a stirrer, and set in 
a steam- or hot-water bath. 
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The solvents used in celluloid lacquers are very volatile 
and inflammable, and the varnish soon closes the pores of 
filter-paper, so that it is impracticable to filter it; it must 
therefore be clear and transparent when it is made, or else 
left to clear itself by standing. 

Celluloid lacquer, as has been said, can be made also by 
dissolving nitrocellulose in alcohol-ether and adding cam- 
phor to the solution. If such a solution is used as a lacquer, 
when the solvent has evaporated a film of celluloid is left 
on the coated article. Besides dinitrocellulose, in mak- 
ing lacquers, pyroxyline (trinitrocellulose), and tetranitro- 
cellulose are used. Pyroxyline is used, for example, in 
Parisian enamel, which is made from Japan varnish, ether, 
methyl acetate (90 per cent), and pyroxyline. It serves as 
a substitute for enamel, both transparent and opaque, on 
bronze, wood, paper, etc. For decorative work it may be 
colored with aniline dyestuffs, soluble in the lacquer. 
Such a colored lacquer, according to de la Grange, is made 
of tetranitrocellulose, amyl acetate, alcohol, castor-oil, 
and coloring-matter, 

Pyroxyline: G. Lunge, Z. Chem,y xxix. 2051-58. 

Review of work since 1899. Abstract by C. E. Munroe 
in C. A.y i. 908. 

It is worthy of note that within a few years cellulose 
--—acetate has come into commercial use; its special merit 
is that it is non-inflammable. It is therefore suited for 
films for moving-pictures, where the use of pyroxyline films 
introduces a serious danger of fire; it is also said to make 
a better insulating coating for small wire. It is soluble 
in certain organic solvents; but its cost is much greater 
than that of pyroxyline, and it is not likely to displace the 
latter for ordinary use. 

A new (1911) book. Nitrocellulose Industry y by E. C. 
Worden, two volumes, is a well-written and apparently 
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exhaustive treatise on the entire subject of cellulose solu- 
. tions and their products. 

2. DRYING-OILS 

Linseed-oil. — Linseed-oil is the most important of the 
drying-oils. It is made from the seed of the flax plant 
{Linum usitatissimum) which is grown in large quantities in 
Europe, on land suited to it. Flaxseed (linseed) contains 
over 6o per cent of oil, of which we obtain 21 to 22 per cent 
by cold pressing, and up to 28 per cent by hot pressing. 
The best oil is made by cold pressing (ordinary tempera- 
ture) ; but good oil is also produced when the seed is heated 
in pressing to about 90^^ C., but not quite equal to cold- 
pressed oil. Of late years it has also been made by a 
process of extraction with carbon bisulphide or petroleum 
ether, which after extraction is distilled off, leaving the oil 
as a residue. 

Linseed-oiL Yield: The statement by Professor Bottler 
is probably a clerical error. The actual percentage of 
oil in North-American flaxseed is said by Ennis to be 38, 
and the amount obtained is over 33 per cent. South- 
American seed may run as low as 37 per cent and Calcutta 
as high as 42 per cent. The actual yield is 32 to 33 per 
cent. 

It is remarkable that L. E. And6s, who certainly 
is experienced in using oil, says that the seed contains 
about 33 per cent of oil, of which approximately 26 per 
cent is technically extracted. He quotes Chevallier and 
Lassaigne as giving European seed percentages of oil 
from 29 to 39 per cent. Possibly these figures are in 
part based on commercial seed including impurities, 
wiiich And^s says run often to 20 per cent and sometimes 
higher. 

In the laboratory of the National Lead Company the 
following figures have been obtained, which are based 
on clean whole seed, picked over by hand; there was a 
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single sample of Russian (Kertch) seed, and the other 
figures are averages of a large number of lots of North 
American, La Plata (Argentine), and Calcutta seed. 



Oil, 

Per cent. 

Specific 
Gravity 
of Seed. 
15" 

IS*’ 

Average 
Weight 
per Seed. 

Milli- 

grammes. 

Oleaginous 
Im- 
purities. 
Per cent. 

Non- 

oleaginous 
Impurities 
Per cent. 

Oil in 
Total 
Impurities 
Per cent. 

N. American 

' 39- 69 

1.1388 

4.61 

1.50 

i 

1.69 

10. 0 

La Plata. . . . 

36.98 

1-1415 

5-58 

0.58 

5.64 

14. I 

Calcutta. . . . 

40.82 

1.1326 

5-41 ; 

4.85 

5.03 

14.9 

Russian .... 

39 - II 

I .1375 

5*74 

5.05 




In addition to these a sample of Bombay seed recently 
examined gave oil, 41.23 per cent, wt. per seed, 7.92 ; and 
a sample of Turkish seed gave oil, 43.01 per cent, wt. 
per seed, 7.45. 

The oil in all cases was extracted in the laboratory with 
solvents. The oil extracted from an accumulated lot 
of impurities of La Plata seed recently, was dark green in 
color, had an iodine no. (Hanus) of 160, and was not 
much better drying than cotton-oil. It is not the belief 
of the writer that an appreciable amount of oil is ex- 
pressed from impurities. These impurities are largely 
chaff, and absorb oil rather than give it up. In a power- 
ful and efficient laboratory press it is impossible to ex- 
press oil from the impurities which have been removed 
from the seed. If oil is made by extraction (percolation) 
probably a little of this oil is mixed with the flaxseed-oil; 
but if its iodine no. is as^high as has been noted, it would 
not affect the constants of the oil appreciably. The oil- 
constants will be mentioned under analytical methods. 

Cold-pressed oil is of a very clear yellow color, with a 
faint but characteristic odor and taste. Compared with 
this the warm-pressed oil is darker in color, and the taste 
and odor stronger and less agreeable. The specific gravity 
varies according to age of the oil; according to Schubler 
it is about 0.9347 at 15® C. At the same temperature the 
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viscosity is 9.7 and at C. is 11.5. It thickens decidedly 
at —16° C., and at about —29” C. solidifies to a solid 
yellow substance. When heated it gives olT a vapor; 
Kunkler gives 185° C. as the point at which this begins, 
and the flash-point at 285'’ C. In burning it gives off much 
.smoke. It contains alx)ut 80 per cent of glyceride.s of 
linoleic, linolenic, and isolinolenic acids, in addition t«> 
which there is a mi.vture of glycerides of oleic and solid 
fatty acids. On drying by the action of the air a glyceride 
of oxylinoleic acid (o-xylinoleine) is formed. 

Becau.se of its yellow coloring-matter it is impossil)le to 
make colorlc.ss varnish of ordinary linseed-oil; and the less 
color a varni.sh has the more valuable it is; so that attempts 
have been made to bleach linseed-oil in various ways. If 
ten parts (by weight) of sulphgte of iron (ferrous sulphate) 
is dissolved in sixteen parts of water, and the solution adtled 
to ten parts of lin.sced-oil in a clear glass flask, and this, 
with frequent shaking, kept in the direct sunlight four to six 
weeks, the oil will be c()m[>lctely bleached. The colorless, 
thinly fluid oil is carefully poured or siphoned off from the 
iron-sulphate solution, which can be used only ome. 
Linseed-oil is also bleached with lead sulphate, a white, 
insoluble powder, which is thoroughly ground with .some »>f 
the oil and the remainder of the oil added to it, with agita- 
tion, enough lead sulphate being used to make a milky mix 
ture. This is put in a glass flask and kept in the direel 
sunlight for a week, with frequent shaking. On settling, 
there is at the bottom a layer of lead sulphate and over this 
an apparently solid leathery mass, from which the bleached 
oil may be poured off. To 100 parts of oil 2 parts of lead 
sulphate are used. Linsecd-oil is also bleached with sul- 
phuric add; this is the* ordinary method in white-lead 
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factories. A good way to bleach oil, say 100 kg., is to 
dissolve iK kg. chloride of lime in 25 kg. water; pour the 
oil in a thin stream into the solution contained in a vessel 
which is provided with a stirrer and be sure to keep the 
agitator in operation for six hours. When it has settled 
the bleached oil is drawn off and washed with water to 
remove all traces of the chloride of lime. Linseed-oil may at 
the same time be bleached and thickened by lead powder, 
which is precipitated from lead-acetate solution by strips of 
sheet zinc; it is treated with this for four days and then put 
in the direct sunlight in shallow sheet-metal vessels. The 
lead powder must be thoroughly mixed with the oil by 
stirring or shaking. After a time the oil clears itself by the 
separation of foreign matters; it is then filtered off and put 
in the flat trays aforementioned in layers two or three 
centimetres thick and exposed to the sun three or four days. 
To remove dust which may have fallen in, the bleached and 
thickened oil is again filtered. The lead powder may be 
washed with spirit of turpentine and dried; it may be used 
a second time. For 100 parts of oil use parts lead pow- 
der. Recently not only raw oil but also solutions of amber 
and other resins in spirit of turpentine are bleached in these 
flat trays by agitating it with air saturated with ozone; or, 
more recently still, by causing such air to bubble through 
the oil contained in tall slender vessels. After this treat- 
ment the oil or varnish is exposed to the sun for a day in 
shallow layers. Linseed-oil and also spirit of turpentine 
rapidly absorb so much oxygen as to cause them to resinify. 
According to Fox, one gramme linseed-oil will absorb from 
loi to 156 c.cm. oxygen; oil made from Baltic seed takes 
up the least (loi c.cm.) and that from American seed the 
most (156 c.cm.). 
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As has been said, linseed-oil exposed in thin layers to the 
air dries by the absorj)tion of oxygen, wherelry its acids are 
converted into oxyacids. By heating dr_\-ing-oils and 
agitating them with air, also by warming them with various 
chemical reagents, which will be described hereafter, their 
rate of drying may be increased. 

^ Drying of Linsccd-oil: The drying of linseerl-oil affords 
some problems which are as yet unsettled. Certain 
anomalous results have been from time to time recorderl 
by various observers; but the general opinion has been 
that the oil absorbs o.xygen, when sjrread out in a thin film, 
to the amount of i6 to 20 per cent of its own weight; th:it 
this produces certain oxidation products which are solid, 
insolulile in all ordinary .solvents, and extremely perma- 
nent and inert. Various observers have, however, notir<*d 
that these films in .some cases have lost in weight; and 
in J910 the writer carried on a somewhat extensive serie.s 
of experiments (Jour. ini. and Eng. Chern,, vol. iii., p. 84 ) 
in which it appeared that raw oil (meaning oil which 
contains no driers, and is just as it came fronr the oil-press 
except that it was settled and filtered) increases in weight, 
slowly for a day or two, then more rapidly, and in about 
six days reaches a maximum of gain in weight, amounting 
to from 14 to 18 per cent. Immediately thereafter it 
begins to lo.se in weight; slowly the first day, then 
more rapidly for a few clays, then slowly but continuously 
for .some weeks, then more and more .slowly, until at the 
end of eight or nine months it loses all the original gain, 
and actually weighs less than when fresh. 'Fhi.s has lw:en 
reixiated so often that it may Ixj taken to be true in 
general, and may be considered as a very crude outline 
of the facts. 

Any one who has entered a freshly-painted room must 
have noticed an odor, pungent and unpleasant, and the 
pre,scnce of a gas or vapor which is irritating to the eyes 
and nostrils. Obviously, thi.s cannot be due mendy to 
the removal of oxygen from the air, but is causid by 
something which is given off by the paint; in fact, by tin- 
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oil. It is not turpentine, for it is present when no tur- 
pentine has been used. It is not necessary to wait until 
the paint is dry, for it is present before that time. Clear- 
ly, then, the first thing we ought to have recorded about 
the drying of oil is that it gives off some thin g, not that it 
absorbs something; the latter we cannot teU without 
costly apparatus. Apparently the oil evaporates to dry- 
ness; and this is probably why it is called a drying-oil; 
but this side of the matter has not been properly con- 
sidered by chemists. 

If it gives off something it must lose weight; but it 
increases in weight. If it increases in weight it must take 
on something, and that something has been proved to 
be oxygen. Putting these facts together, it is clear that 
it is at the same time gaining and losing, but the gains 
outweigh the losses; the most obvious and likely explana- 
tion is that it absorbs oxygen, the greater part of which 
forms stable and finally solid compounds, and part forms 
volatile compounds, which go off; and the net gain in 
weight at any time of weighing is the difference between 
gain and loss. This condition of things lasts for about a 
week; then the formation of stable or solid compounds 
becomes less than that of volatile compounds, and loss 
of weight ensues. Note that it is not claimed that the 
formation of solid oxidized products ceases; but only that 
it becomes less than that of volatile matters. It would 
seem reasonable to suppose that there may come a time 
when the formation of solid oxidized bodies may entirely 
cease; while it is also possible that a process of per- 
oxidation, resulting in a loss of substance, may go on as 
long as there is anything left. However, as a matter of 
fact, when the maximum net gain in weight is reached, 
the film, •; hough moderately firm to the touch, is not 
properly 1 ’•dened, and it continues to harden for a long 
time; and ^Jiat it continues to absorb oxygen and form 
gain-producing substance is shown by an experiment 
which was at first the result of accident. 

Early in 1911, during the winter, a set’ of oil-films were 
prepared by spreading oU on glass plates, and exposed to 
oxi^tion, with suitable care to admit air and exclude 
dust, in an artificially heated room, at ordinary tempera- 
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tures; and were weighed daily. These films gained in 
weight as has been described; then began to lose, and 
after the net losses had become fairly steady and uniform 
it happened that one cold day in February through some 
accident to the heating-apparatus the room was much 
colder than usual for nearly a whole day and night; 
though considerably above the freezing-point of water. 
On this cold day the weights, which had been constantly 
decreasing, suddenly increased; and this was true of all 
the films without regard to age. Next day, with normal 
temperature, they again began to lose; not suddenly, as 
had been the increase, but slowly, as they were doing be- 
fore the cold day. Apparently the gain in weight was 
going on regularly, and the drop in temperature did not 
entirely stop it, perhaps did not lessen it; but the per- 
oxidation process was greatly diminished, if not entirely 
stopped, by the cold. Thus it seems probable that for 
a long time gains and losses continue, concurrently though 
not at equal rate. 

Let us now go back to the beginning, where it is said 
that the net gains amount to from 14 to 18 per cent. In 
fact, the writer has noted gains of over 19 per cent, and 
competent observers have recorded gains considerably 
above 20 per cent. Why should there be a difference of 
30 to 50 per cent in these gains, especially if, as in the 
writer’s case, the oil all came out of the same bottle? 
Such differences, even with the small films necessary to 
use on an accurate balance, amount to some hundreds of 
milligrammes, and are too great to be within any reason- 
able limits of error. As a matter of fact, there is no 
error about it. 

In the first place, greater or less thickness of film makes 
a difference. If the film is very thin -the gain will be 
greater and the subsequent loss more rapid than with a 
thicker film. Not only so, the total loss, per cent, is 
greater; at least that is my conclusion after a year and a 
quarter; what it may prove to be in the end is un- 
known. 

Second, the inluence of temperature, which must be 
considerable; but is not definitely known. I have ob- 
served in the winter that if the films of oil are placed so 
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tix^^ they are in air heated to 20^ or 25*^ F. above the or- 
dijn^iry room- temperature these changes go on much more 
however, in hot summer weather this does not 
to be true; so it may be that it is owing rather to 
tb-^ Apparent dryness of the air in winter. It is known 
paint dries very slowly in winter, out of doors, when 
tb^^^^mperature is below freezing. 

'Tlxird, the effect of moisture. About this still less is 
kxxO'W'n, but excessive moisture in the air retards drying. 

this should be so is not clear; there is as much 
ox:3^ gen present as ever; it appears to me that in the damp 
aiir "We have on the sea-coast in summer oil-films do not 
re^^h. as high a maximum weight, nor as low a minimum; 
al30 that in damp air the dried film is less firm and hard. 
Tti-is may be one reason for the fact that paint is less dur- 
able Hear the seashore than it is in the interior. 

'The drying of oil is hastened by the presence of lead or 
m 3 - 3 ^ganese, in solution, in the oil. Nickel, cobalt, and 
iron, act in the same way, but lead and manganese are 
cammonly used; these are called driers. They appear to 
act oatalytically; they absorb oxygen from the air and 
gi-v"0 it up to the oil, thus acting continuously as carriers of 
oxygen. One-tenth of i per cent of manganese in oil will 
hausten its drying from days to hours; lead is not quite 
so a-ctive, probably because of its higher atomic weight. 
It would seem reasonable to expect a more rapid and 
groa.ter increase of weight of oil when these are used; but 
suoli is not the fact. The film does indeed become dry 
witstiin a day; but at that time the increase in weight 
is inconsiderable, and this increase goes on for several 
da.ys, as in the case of raw oil, but never is more than 
13 tio 15 per cent. Then the weight decreases, as it does 
witlx raw oil. The film is much harder and firmer than 
a raw-oil film. Probably the presence of driers induces 
more rapid oxidation processes, and especially those of 
peroxidation, which keep down the weight. 

will probably learn much more ab^out these matters 
by constructing an apparatus in which to dry oil-films, 
whtich shall provide for the collection and analysis of all 
the g:ases which are given off. This is not a simple matter 
since it involves handling a great quantity of air, day 
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and night, for months continually. We may, however, 
know something about them by examining the vapors 
which arise; these are known to contain carbonic, formic, 
and acetic acids, traces of formaldehyde (which is doubt- 
less a secondary product), and other complex organic 
substances. 

In the opinion of the writer, oil-films, for study, should 
be less than xiyiro* of an inch and more than -g-oVij- of an 
inch thick; ttVtt is a desirable thickness. A gallon 
equals 231 cu. in,; if we spread this over 2,310 sq. ft., 
which is about what oil without pigment naturally covers 
when brushed out in the usual way, i cu. in. covers 10 sq. 
ft. or 1,440 sq. in.; and its thickness is (or about 
tAtt) of an inch. If it is put on as thick as tuVit, the 
gallon covers about 1,600 sq. ft., and if ttot, it will 
cover over 3,000 sq. ft. and these are the practical work- 
ing limits for brushed-out films of raw oil. 

If the film is brushed out at the rate of a gallon to less 
than 1,800 sq. ft. I have found that it does not in early 
drying attain as great a weight, and in the late stages 
does not lose as much, and, what is of more account, 
shows more irregularities and apparent inconsistencies, 
than if at the rate of 2,000 to 3,000 sq. ft. 

I have found that glass plates, 5x7 inches, such as are 
used for photographic negatives, are convenient in size; 
this is about the largest size for which we can easily get a 
sufficiently sensitive balance. Such plates weigh from 
60 to 100 grammes, averaging about 75; their specific 
gravity is about 2.5; but no two plates are alike in specific 
gravity. As it is desirable to know the specific gravity 
of the dry film, it is necessary to record the weight in 
water of the clean plate; and it is much easier to get this 
if the e^erimenter will at first drill a small hole within 
half an inch of the edge of the plate, at the middle of one 
end of the same. It may also save trouble if with a file he 
rounds the corners of the plate slightly, to avoid danger 
of chipping. Having then recorded the weight of the 
plate in air and water, he may, with a small brush, apply 
oil to the middle of one side, taking care not to let it come 
nearer than half or a quarter of an inch to the edge; be- 
cause he must handle the plate by the edges many times* 
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The plate should have been cleaned before the oil is 
applied; after it is optically clean let it soak in nitric 
acid, and wash with clear water; get no finger-marks on 
it. If not properly clean, it will sometimes happen that 
a week or so later the oil will leave portions of the surface, 
and gather in drops; which is very annoying. 

To get a film tfVs* inch thick on a surface 4x6 inches 
requires 250 milligrammes of oil. This is a reasonable 
quantity to weigh, and with a good balance the plate 
which weighs not over 100 grammes may be easily and 
quickly weighed to one-quarter of a milligramme, which is 
o. I per cent of the weight of the oil; and that is within the 
limit of error. As the film does not change in weight the 
first day, it is easily weighed. Be very particular to get 
the film smooth and of even thickness; minute air-bubbles 
will usually disappear. If too thick, take off some with 
the brush, and weigh again. Have nearly the same 
amount of oil on plates which are intended to be dupli- 
cates, or they cannot be compared; and always have 
duplicates, for accidents are sure to happen. Before num- 
bering the plates, which is done with a diamond or other- 
wise before cleaning, weigh the plates roughly and 
number them in the order of their weight, beginning 
with the lightest; this will save much time in the fre- 
quent weighing to be done later. 

Until the films have begun to harden, it is important 
that they should be level, otherwise the oil will run to one 
corner and make a pool, and this is difificult and often 
impossible to remedy. It is not safe to stand them on 
edge for a long time. 

Other things besides thickness of film, heat, and moist- 
ure affect the drying of oil. Light is well known to have 
an influence, particularly the direct rays of the sun. 
Ozone also causes more rapid oxidation; and it is said 
that ultra-violet rays have a powerful effect; but attempts 
to utilize these last two agencies have not been practically 
successful. Some experiments of a quantitative sort on 
the action of light are given by T. A. Davidson in the 
Papers of the Paint and Varnish Society for 1908-09. 
Mr. Davidson’s papers in this and the following volume on 
the action of driers are worth careful study. In the second 
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volume, p. I lo, he describes experiments which show that 
the volatile products given off during the drying of oil, 
already described, act as driers to films of fresh oil; and 
suggests that such compounds formed in oil-boiling and 
remaining dissolved in the oil act as driers, especially in 
oil cooked without driers. 

Poppy-oil. — ^It is made by pressing the seeds of the poppy 
(Papaver somniferum). Black poppy-seed is so rich in 
oil that it will yield half its weight of oil. 

Pure poppy-oil is colorless or pale yellow and clear; 
specific gravity, 0.9249 at 15° C. Cooled to —18° C. it be- 
comes a solid and remains so until the temperature rises to 
~ 2^. One part of poppy-oil dissolves in twenty-eight parts 
of cold or six parts of boiling alcohol; in ether in all propor- 
tions. It is fatter than linseed, and is used only in fine 
varnishes. 

Castor-oU. — Castor-oil is made from the seeds of Ricinus 
communis. It is colorless or greenish-yellow, transparent 
and viscous; in the cold, below 0°, it becomes a white, 
stearine-like fat, and at —17® C. solidifies into a yellowish, 
translucent mass. Its specific gravity is between 0.95 and 
0.97; with pure oil at 15° C. it is 0.9611. In the air it 
becomes rancid, thick, and in thin layers dries very slowly. 
At 25® it mixes in all proportions with alcohol; it also 
makes clear mixtures with absolute alcohol, ether, amyl 
alcohol, benzole, and chloroform. It makes a cloudy mix- 
ture with petroleum benzine, which on standing separates 
into two layers. 

Castor-oil is used as an ingredient for ‘^artificial skin^’ 
varnishes, such as one composed of shellac i part, alcohol 
3 parts, castor-on part; or anoth^er, 8 parts coIlodiDn to 
I part castor-oil; it is also used in retouching- varnishes 
and negative varnishes in photography. 
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To give elasticity to spirit varnishes, it is thinned with 
alcohol to the consistency of the varnish and added to it. 

Wood-oiL — Tung-oil, also known as Chinese wood-oil, 
is made from the fruit of Aleurites cor data ^ a tree growing 
in Japan, China, and Cochin-China. In its natural state 
wood-oil dries with a flat or non-lustrous surface, and the 
resultant film shows a tendency to peel. Wood-oil gela- 
tinizes at a comparatively low temperature, and must be 
properly treated before use in making lacquers and var- 
nishes. 

It is heated in an enamelled kettle for two hours at 170*^ 
C. (338^^ F.), and is then left two days to stand and clear. 
The cleared oil is heated one hour at i8o^ C. (356® F.), 
which thickens it somewhat; it is then cooled to 130'^ C. 
(266° F.), and 2 per cent of pulverized litharge is added 
to it. Further heating is unnecessary, and it may be 
thinned with spirit of turpentine to varnish consistency. 
To tell how much turpentine is necessary, a measured 
sample of the treated oil is mixed with a known quantity 
of spirit of turpentine. When the proper amount is thus 
determined, the whole of the oil is thinned intproportion 
and allowed to stand a sufficient time to clear itself. By 
this treatment it becomes like linseed-oil varnish (floor 
varnish), and if ground with a pigment dries hard in five or 
six hours. Wood-oil, if heated above 200^ C. (392° F.), 
gelatinizes and becomes a rubber-like mass, which is in- 
soluble; this may, however, be melted and dissolved by 
adding to it about an equal amount of poppy or walnut oil, 
and heating the mixture, which makes a thick compound, 
soluble in benzole, spirit of turpentine, benzine, etc., but 
the gelatinized wood-oil cannot be used by itself, being in- 
soluble, and will not serve in varnish-making. If wood-oil 
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is combined with rosin, Venetian turpentine, pitch, rosin 
ester, coal-tar, asphalt, or similar things, and then treated 
with chloride of sulphur, the resulting compound is soluble 
in the ordinary varnish solvents. For example, 5 parts 
wood-oil and 5 parts colophony may be melted together, 
then I part chloride of sulphur added, and heated to 100^ 
C. for some time; wash the product with hot water; the 
compound will dissolve in one or another of the solvents. 

It has lately been found that the free fatty acids of wood- 
oil may be used in varnish-making. These acids, which 
are obtained by saponifying the oil, are a solid, yellow or 
brown substance, and will dissolve the hardest resins; 
these are powdered and heated with the free fatty acids, 
which have been dried so as to be free of water, to above 
280® C. (536"^ F.), and thus a solution is formed which will 
mix with any drying-oil, or with spirit of turpentine, etc., 
and the resulting varnish dries properly and forms a good 
film. 

Hemp-seed-oil. — Made from hemp-seed {Cannabis 
saliva) by hot or cold pressing. When fresh it is yellow- 
ish-green, but darkens with age, becoming brown. It 
is not equal to linseed-oil in its drying quality, and on 
account of its color can only be used in making dark- 
colored varnishes. 

Walnut-oil. — This is made by cold or warm pressing 
from walnuts, the fruit of Juglans regia. Cold-pressed oil 
is commonly made, which is quite colorless or has a very 
pale yeUowish-green color, and has an agreeable taste and 
odor. Hot-pressed oil is dark and ill-smeUing. Cold- 
pressed oil bleaches in sunlight quickly and complkely; 
because of its color it is used in fine varnishes. 
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SPIRIT OF TURPENTINE AND OTHER VOLATILE SOLVENTS 

Spirit of Turpentine.— Natural turpentine is obtained as 
an exudation from wounds in the trunks of coniferous trees, 
such as firs, pines, and larches; it is distilled in suitable 
apparatus, and the distillate is spirit or oil of turpentine, 
which when pure is a clear, water-white, mobile fluid, 
somewhat anaesthetic, with a not unpleasant odor, boiling 
at 155° to 163^ C. Notwithstanding its high boiling-point 
it is very volatile at ordinary temperatures. 

Of the three sorts of oil of turpentine, Austrian, French, 
and American, the first has a specific gravity of 0.866, the 
second 0.859 to 0.876, and the third 0.858 to 0.877. On 
account of its being so volatile and its inclination to 
absorb oxygen from the air and partly resinify, it must be 
kept in well-made closed tanks. Oxygen absorbed by 
turpentine is easily transferred to other substances, so 
that this liquid acts in varnishes not only as a solvent but 
as an oxidizing agent. Rosin spirit and other turpentine 
substitutes are different from true oil of turpentine in this 
respect; they do not act as oxidizing agents, but promote 
the drying of varnish only by their greater or less volatility. 

Turpentine is an essential oil, a hydrocarbon, of which 
the most important ingredient is pinene, CioHie. As has 
already been said, in the presence of a large supply of air 
it absorbs oxygen and becomes viscous; on this account 
it acts as a reducing and bleaching agent, and in certain 
conditions its action goes on with the production of ozone. 
It is inflammable and burns with a red, smoky flame. Its 
vapor is also inflammable and if mixed with air is explosive. 
It is, therefore, important that a flame should not be used 
in lighting a room in which it is kept. 
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In strong alcohol it is soluble in about the proportion of 
I part of turpentine to 3 of alcohol; it is soluble in 
ether, carbon bisulphide, benzine, benzole, and fixed oils. 
Rectified turpentine, which has been purified by redistilla- 
tion, is in general a good solvent for resins. It is used in 
making turpentine-oil varnishes. 

It is well known that the essential oil of turpentine, or 
spirit of turpentine, is obtained by distillation of the 
crude turpentine of various species of pine; the principal 
one being the American long-leaf pine of the Southern 
States. The residue in the still is colophony or rosin. 
The fact that a solution of rosin in spirit of turpentine 
does not produce the original crude turpentine suggests 
that chemical as well as physical action takes place; and 
it is the opinion of some experienced chemists that the 
rosin is a decomposition product. The fact that pine 
wood has not the well-known pungent smell of turpentine 
is explained by the theory that the real spirit, in its 
natural state, has very little odor; it is said that if we 
scrape the fresh colorless pitch off the end of a recently- 
cut log, and immediately put it in a glass flask and heat it, 
we get a spirit or essential oil of turpentine with only a 
faint, agreeable odor. The pungent odor of ordinary 
spirit is thought to be due to the pitch lying long in con- 
tact with the wood and bark, and undergoing oxidation 
in this environment; it absorbs and develops compounds 
other than pinene and its allied substances, and these 
oxidation products produce the familiar odor. It is cer- 
tain that turpentines from various trees have various 
odors; and that the odor does not bear any definite re- 
lation to the solvent power. 

The growing scarcity of ordinary turpentine has 
awakened interest in its production from neglected 
sources; the most important being the manufacture of 
turpentine from the wood of pine-trees, which is reduced 
to chips and distilled in a current of steam. Although 
the boiling-point of turpentine is much higher than that 
of water, it readily distils in a current of steam. It may 
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also be made by dry distillation, but has a disagreeable 
odor which seriously interferes with its use. The steam- 
distilled product has usually a peculiar odor; but it is 
not disagreeable; and the spirit thus produced has equal 
value with the orchard” turpentine in every other way. 
In fact, some of the wood-turpentines are better solvents 
than the standard products. There is no ground for 
prejudice against them, and, in fact, there is but little, and 
it is becoming less. 

The different substances which form the group which 
make the turpentines differ among themselves in their 
effect on polarized light; some rotate to the right, others 
to the left; so we have dextro- and laevo-rotary turpen- 
tines and those in which these are so mixed as to be 
neutral and show no effect. The refractometer gives 
more uniform results; but the most generally accepted 
test is polymerization with sulphuric acid; the turpentines 
polymerize, the coal-tar and petroleum products do so 
little if at all. 

Besides its great solvent powers, spirit of turpentine is 
valuable because of its slowness of evaporation; which 
gives time for the artisan or the artist to apply his material 
with that deliberation which is inseparable from proper 
care. In general, other powerful solvents evaporate too 
rapidly; while those which evaporate slowly are not 
sufficiently good solvents. 

The chief substitutes for turpentine are the light 
mineral oils, commonly known as benzines. A few years 
ago the standard benzine known in the paint and varnish 
trade was 62° benzine; f.e., its gravity was 62° Beaum^. 
This evaporated rapidly, and was not a very powerful 
solvent. Recently, some of these mineral turpentines 
have been made which are about as heavy as real tur- 
pentine and evaporate as slowly; and while their solvent 
power will not bear comparison with that of turpentine, 
they are much better in that respect than the old 62^ 
benzine. As a matter of fact, it is generally true of the 
solvents for oils and resins, that the heavier members of a 
group are more effective than the lighter ones. Turpen- 
tine is easily king among these oleoresin solvents; for 
it exercises solvent action on almost everything in the 
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group of oils and resins; consequently, when it evaporates 
it does not precipitate some one of them out of a solution 
or weak compound, but leaves them all gradually with- 
out disturbing their mutual relations as the lighter ben- 
zines are likely to do. It will be a sad day when it becomes 
so scarce that we can not afford its use in varnishes. 

On the other hand, it is common to use a portion of 
turpentine as a solvent, and supplement it with mineral 
turpentine as a thinner; and if the latter has a con- 
venient rate of evaporation, this is a perfectly proper 
thing to do. The exact limit of the amount which may 
be used is, however, not easily determined. 

Turpentine is used as a thinner in mixing paint. Paint 
consists, generally, of pigment and fixed oil (linseed-oil) 
and to get the best results a certain amount of each must 
be used. Sometimes it will happen that such a mixture is 
too thick or viscid; in which case a volatile thinner may 
be used as a mechanical aid in its application. It 
would seem that here is a case where a mineral turpentine 
is equally good as the genuine; but sometimes we need 
the solvent action of the latter to penetrate the more or 
less resinous surface of the wood to which the paint is 
applied, and enable the latter to secure a better adhesion. 
There is no general rule; different cases must be con- 
sidered on their merits. 

Rosin-oil. — Rosin-oil varies from a thin fluid to one thick 
as syrup, and variously colored. For lacquers and varnishes 
an oxidized clear oil is made, by distilling clear rosin and 
separating the first which distils off (which is pinolin), and 
the last portion, and oxidizing with air the middle portion. 
The oil so made is not like ordinary rosin-oil; it is viscous, 
has a pleasant smell like molasses, a clear brown color, and 
is without bloom. According to Rdnard rosin-oil free 
from rosin-acids consists approximately of three con- 
stituents: 8o per cent of diterebentyl, C20H30, 10 per cent 
of diterebentylene, C20H28, and 10 per cent of didecen, 

C20H36. 
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Rosin-oil may be purified in the following manner: In 
the open air it is cooked without stirring in an enamelled 
kettle with 3 per cent litharge, 20 per cent kaolin or clay, 
and I per cent manganese peroxide; the fire is then ex- 
tinguished and the oil allowed to stand twenty-four hours 
to settle. The oil is then drawn off from the foots and 
filtered, and the residue is pressed. So treated the oil dries 
better than before, and is used in making varnish. 

To make clear yellow rosin-oil, it must be redistilled 
before oxidizing it. If rosin-oil varnish and linseed-oil 
varnish are spread side by side cm a glass plate, they will 
dry in the same time. It makes a glossy, hard, inelastic 
film which stands the weather well. It is advantageous 
to add to oxidized rosin-oil about lo per cent spirit of tur- 
pentine or 20 per cent linseed-oil varnish, which increases 
its good qualities. 

Rosin Oil: M. Utz, Mon. Sci., Oct., 1906, 

Indices of refraction of natural oils and of oils treated 
with H2SO4. F. Schultz, Reu. Fett-Iiarz-Ind.y xvi. 186'- 
189, and C. A., hi. 2512. Results of fractional distilla- 
tion of rosin and chemical description of the products. 

Benzine and Benzole.— Benzine or naphtha is a distilla- 
tion-product from American crude petroleum, obtained in 
refining the latter. It is water-white, mobile, inflammable, 
has a characteristic odor, and is very volatile. Its boiling” 
point is usually below 60° C. On account of its extreme 
inflammability the utmost care must be taken against fire, 
and it must be stored in well-closed vessels. Benzine is a 
good solvent for resins; but the solutions dry so quickly 
after being spread, that it is necessary to add some 
petroleum, turpentine-oil, or alcohol. Benzole or coal-tar 
naphtha is the portion which is boiled off from coal-tar oil 
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at 8o® to 85® C. It is a colorless, strongly smelling fluid, 
specific gravity at 15° is 0.8841, which solidifies at and 
boils at 80° C. 

It inflames easily and burns with a luminous, smoky 
flame; it mixes with alcohol and ether and dissolves caout- 
chouc, resins, and fats easily. Benzole and benzine are 
used in varnishes for like uses, but benzine is used more 
because cheaper than benzole; benzole is a somewhat better 
solvent, and its solutions clear more rapidly. 

Light and heavy coal-tar naphthas are known in the 
trade, but only the former are used in varnish-making. 
As has been said about benzine, this liquid is so volatile and 
inflammable, and its vapor so readily makes an explosive 
mixture with air, that the utmost care must be taken 
against fire. 

Benzine: W. Witt, Farhen Ztg., xiv. 47, C. A.^ iii. 3009. 
Turpentine substitutes must have boiling-point 130°-- 
180^ C.; leave no residue on evaporation; readily dis- 
solve resins and linseed-oil or wood-oil; flash-point not 
below 21^ C.; odor pleasant. 

L. E. And&, Re^. Fett-Harz-lnd., xvi. 248-249, C. 
iii. 3009. Substantially the same as the preceding. 

Benzine is a good solvent for common rosin, and no 
doubt dissolves some other resinous bodies; but can 
hardly be said to be a solvent for varnish resins. It is a 
good solvent for oils, in general. 

Benzole is a much more powerful solvent than benzine, 
having considerable solvent action on many resins, and 
dissolving partly dried oil and varnish films. It is used 
to some extent in paint as an ingredient of primary coats, 
to soften and penetrate resinous surfaces of wood. Ben- 
zole is also known by its chemical name, benzene. 

Monochlorobenzol and DichlorobenzoL—* There have 
recently come into use benzole products, monochlorobenzol, 
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CeHsCl, and dichlorobenzol, C6H4CI2, which are water- 
white liquids with characteristic odor, and evaporate with- 
out leaving a residue. The first is a more mobile fluid than 
the other; both mix with drying-oils, spirit of turpentine, 
and rosin-spirit. They are hardly inflammable. They are 
used in making mat varnishes. Mastic, thick turpentine, 
colophony, asphalt, and damar, for example, are soluble in 
monochlorobenzol, while sandarac, shellac, manila, acaroid, 
and benzoin resins are insoluble; these latter resins dissolve 
in a mixture of this solvent with alcohol to make clear 
solutions, which dry flat and are used as mat varnishes. 
Dichlorobenzol is not used for this purpose. 

Alcohol. — Ethyl alcohol, C2H6OH, is formed in the spirit- 
ous fermentation of sugar, which yields 94 to 95 per cent 
of alcohol and carbonic acid. The chief by-products are 
glycerine, CaHsOs {lyi to 3 per cent), and succinic acid, 
C4H6O4 (0.4 to 0.7 per cent) ; besides which are some of 
the higher alcohols, as fusel-oil, of which the chief part is 
amyl alcohol, CaHnOH; it is not fully known what are 
the conditions which promote their formation. 

Pure alcohol is a colorless, mobile fluid, of a weak, 
characteristic odor, unlike fusel-oil. Its specific gravity at 
15° C. is 0.7939, boiling-point 78.3° C. It burns with a 
scarcely luminous flame. It is very hygroscopic and mixes 
with water, and with ether, in every proportion. It is. 
easily oxidized, first to aldehyde and then to acetic acid. 

Commercial alcohol always contains some water. Most 
of its water may be removed by anhydrous copper sulphate 
or anhydrous carbonate of potassium; if it is then distilled 
from quick-lime absolute alcohol is obtained. Hydrated alco- 
hol is made turbid by adding benzole or carbon bisulphide. 
When alcohol and water are mixed contraction occurs; 
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53.9 parts of alcohol and 49.8 parts of water yield 100 parts 
of mixture, instead of 103.7 parts. The amount of absolute 
alcohol in a given sample of commercial alcohol is deter- 
mined from its specific gravity by the aid of a table of per- 
centages, or by using a specially constructed hydrometer 
(alcoholometer), which shows percentage of alcohol in 
degrees of immersion. The accuracy of these instruments 
is determined and guaranteed by the maker. 

Alcohol is a solvent suitable for many organic compounds; 
it readily dissolves oils and resins; the latter are precipi- 
tated by the addition of water. For making lacquers and 
varnishes it should contain at least 90 per cent of actual 
alcohol. Usually in practice a kilogramme of alcohol is 
reckoned a litre; really it is a little more, since alcohol is 
lighter than water. For example, a litre of 80-per-cent 
alcohol weighs 863.9 grammes; of 85-per-cent, 849.6 gm.; 
of 90-per-cent, 833.9 95-per-cent, 816.4 gm.; 99~ 

per-cent, 799.5 gm.; loo-per-cent, 794.6 gm. Accurate 
tables showing the proportion of water and alcohol in mix- 
tures have been experimentally made. If in making a 
varnish i kg, of alcohol is used in place of i litre, the 
result will be that the varnish will be too thin. 

In the American varnish trade, alcohol is used almost 
only for dissolving shellac. What is known as denatured 
alcohol frequently contains 20 per cent of kerosene, and 
varnish made with it is slow to dry. Wood-alcohol is a 
more powerful solvent than ethyl (or grain) alcohol, and 
evaporates readily; the vapor is somewhat poisonous, 
and it should not be used in a closed room. If it is 
to be used continuously, as in a paint-shop, extremely 
good ventilation must be had. It sometimes causes in- 
curable blindness. Little or no danger attends its use out 
of doors, or where the ventilation is sufidcient. All var- 
nishing-shops should be well ventilated. The writer has 
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seen fainting, with serious injury to health, caused by 
turpentine-vapor, and intoxication by vapor from grain- 
alcohol shellac. 

Wood Alcohol —Wood or methyl alcohol, CH3OH, is 
obtained in the dry distillation of wood for maViTig acetic 
acid; the acid is neutralized and the alcohol separated by 
fractional distillation. It is a colorless, strongly smplHng 
liquid, specific gravity about 0.8, boiling-point 66°, readily 
inflammable and burns with a non-luminous flame. The 
commercial article usually contains acetone. It mixes in 
all proportions with alcohol, spirit of turpentine, and coal- 
tar naphtha. It dissolves fats, oUs, and resins readily, 
and as a resin solvent is used instead of the more costly 
grain alcohol in varnishes, which besides are more volatile 
and dry more quickly; it is especially useful in mixtures 
with other volatile solvents for dissolving resins. 

Ether. — Ethyl ether, (C2H6)20, also called sulphuric 
ether, is made in a continuous process from ethyl alcohol and 
sulphuric acid at 140°, alcohol being constantly added. It 
is freed from alcohol hy shaking it with water, and dried by 
distillation over lime or chloride of calcium. 

Ether is a very mobile, very volatile liquid, with an 
ethereal odor, and is an anaesthetic; its specific gravity at 
17.4° is 0.72; boiling-point 34.5°. Its evaporation produces 
cold. It is very inflammable and its heavy vapor is a source 
of much danger from fire. Its vapor mixed with air ex- 
plodes on ignition. It is slightly miscible with water, 
which dissolves about 10 per cent of ether. Water may be 
detected in ether by adding carbon bisulphide, which will 
cause turbidity if water is present. It mixes in all propor- 
tions with alcohol. It is a useful solvent and vehicle for 
extracting many organic substances; easily dissolves 
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resins. If varnish made with ether dries too quickly, be- 
cause of its extraordinarily low boiling-point, alcohol is 
added to correct it. 

Acetone. — ^Acetone, CHa-CO-CHs; is obtained in the dry 
distillation of acetate of lime. When pure it is colorless, 
with a characteristic ethereal and cooling odor, specific 
gravity 0.814, and boiling-point 56°. It mixes in all pro- 
portions with alcohol, ether, and other solvents. It is 
used either alone or mixed with alcohol, as a solvent for 
resins, such as shellac, sandarac, etc., and for pyroxyline 
and celluloid. Acetone lacquer may be made, for example, 
by dissolving shellac (to which may be added guaiac resin) 
in technically pure acetone, and reducing the solution with 
some spirit of turpentine and alcohol to dissolve the color- 
ing-matter. 

Carbon Bisulphide. — Carbon bisulphide, CS2, is made by 
conducting sulphur vapor over incandescent carbon. It 
is a colorless, poisonous, highly^ inflammable, very mobile 
liquid, with a peculiar, offensive odor; its vapor produces 
unconsciousness. Its specific gravity is 1.27, being, there- 
fore, heavier than water. It may be kept under water, 
on account of its being very volatile. Its boiling-point is 
43°. It takes fire very readily and burns with a blue flame 
to CO2 and SO2. If kept under water it may be separated 
by putting both in a funnel provided with a stopcock; the 
carbon bisulphide will be at the bottom and may be drawn 
off pure. It dissolves not only many organic compounds, 
such as resins, fats, caoutchouc, etc., but also inorganic 
substances, as phosphorus, sulphur, etc.; the last-named 
solution is used in vulcanizing india-rubber. Impure CS2, ‘ 
such, for example, as contains uncombined sulphur, is 
not suitable for making varnish; if such were used the 
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resulting varnish would dry with but little lustre. As 
has already been said, a mixture of loo parts carbon 
bisulphide and 6 or 8 parts absolute alcohol will dissolve 
caoutchouc and on evaporation leave it unchanged. Car- 
bon bisulphide is also a solvent for gutta-percha. A mix- I 

ture of equal parts of carbon bisulphide, spirit of turpentine, 
and benzole is used as a solvent for powdered copal which 
has not been melted or subjected to distillation. Only 
white Angola, Congo, and Manila are largely soluble in 
this solvent. 

Chlorhydrine, Carbon Tetrachloride, and TerpineoL 

— The new resin solvents, a-dichlorhydrine, epichlorhydrine, 
carbon tetrachloride, and terpineol have already been men- 
tioned as solvents for copals. Dichlorhydrine, C3H5CI2HO, 
boils at 176^ C. and is scarcely inflammable; epichlor- 
hydrine, CaHsOCl, boils at 117^ C. Dichlorhydrine is 
soluble in alcohol, spirit of turpentine, and benzole; carbon 
tetrachloride, CCh, is not inflammable nor explosive, and 
is practically incombustible; it dissolves, cold, a series of 
hard and soft resins, as Siamese benzoin, dammar, elemi, 
mastic; heated, its solvent powers are greatly increased. 

All the varieties of shellac are only slightly soluble in it; but 
a mixture of 70 parts by weight of this liquid with 30 parts 
of alcohol will, when warm, dissolve 25 per cent. San- 
darac is but slightly soluble in it, but 9 parts of it mixed 
with I part alcohol dissolves this resin easily. The use of 
this liquid either alone or with alcohol as a solvent has al- 
ready been described under the subject of copals. Ter- 
pineol dissolves medium-hard and soft copals (Manila, 

.Kauri, and Brazilian) completely, and some West- African 
varieties, as Angola and Sierra Leone, in great part. The 
problem of making oleoresinous varnishes from copals 
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and similar resins without melting them has been made the 
subject of patents by A. Tixier in Billancourt and L. 
Rambaud in Paris. As described, a resin, Kauri for example, 
is dissolved either in pure terpineol or in a mixture of it 
with an equal weight of spirit of turpentine, then in small 
quantities linoleic acid is gradually added, and finally boiled 
linseed-oil. The operation is carried out in an autoclave, 
in which the mixture of the ingredients may be completed. 
The high price of terpineol is an objection to its use. 

4. COLORING-MATTERS 

The aniline colors are especially suitable for varnishes. 
In certain colors, as green and violet, no others are available. 
The following are rarely used: turmeric, from which al- 
cohol easily dissolves a bright yellow coloring-matter; 
annatto, a yellow-red, disagreeably smelling dyestuff, from 
the seeds of a tree {Bixa orellana)] aloes, the dried and 
purified sap of an African tree, soluble, with a yellow color, 
in alcohol; dye-woods — campeachy, barwood, red sandal- 
wood, — and saffron, the dark-yellow, dried stigmas of the 
saffron-plant, Crocus sativa. An investigation by Harry 
Smith on the action of light on colored brass lacquers has 
shown that the vegetable colors, turmeric, sandalwood, 
saffron, dragon’s-blood, and annatto, fade completely in 
sunlight; that turmeric, saffron, and annatto cause the brass 
to blacken in the light; that certain coal-tar colors, as 
metanil-yellow auramin and primulin, since they do not 
blacken the brass, are better colors for lacquers than tur- 
meric, saffron, and annatto; that dragon’s-blood is better 
for copper-colored lacquers than sandalwood because it 
does not fade so rapidly or completely; that gamboge is 
more suitable for making yellow and gold lacquers than 
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metanil-yellow, auramin, primulin, turmeric, saffron, and 
anuatto, because it fades very little and does not blacken 
the metal 

It appears from this investigation that the prejudice 
which some hold against the use of aniline colors in varnish 
is not justified, especially regarding colors ranging from 
citron-yellow to deep wine-red. 

As suitable coal-tar colors for varnish the following 
(from Meister Lucius & Briining, Hbchst a. M.) are recom- 
mended, among others: Auramine (cone., O), Chrysoidine 
(A, C, cryst.), Vesuvin (0, 2 R), Victoria yellow (O, double, 
cone.), Janus yellow (G, R), for yellow colors; Cachou 
brown (D, G), Dark brown (M, MB), Janus brown (R, 
B), for browns; Fuchsine (R, B), and Janus red (B), for 
red; Methyl violet for violet; Malachite green (cryst., 
extra), Brilliant green (cryst., extra), Janus green (G, B) 
for green; Methylene blue (la D), Janus blue (G, B, R), 
for blue; Coal black (0, I, II), Janus black (0, I, II), 
Nigrosine (R, O, D) for black. Besides these the following 
are used in varnish-making: indigo-carmine as a blue color; 
Prussian blue, in leather varnishes; white zinc, white lead, 
chrome-yellow, red lead, ultramarine, vine-black, lamp- 
black, various ochres and other pigments which cannot now 
be enumerated. * 

Mention has already been made of the use of colored 
resins; and the coloring of varnishes will be again discussed. 

5. CHEMICAL PRODUCTS 

In making lacquers and varnishes various compounds of 
manganese, lead, and zinc are used, to quicken the drying of 
dr3dng-oils. Before discussing in detail the action of dryers 
on oil it may be said that it is a process of catalysis, The 
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oxidation of linseed-oil, according to Fokin, is reduced by 
the presence of catalyzers from four or five days to two or 
three hours. Recently, according to S. A. Fokin {Jour, 
der russ. phys.-chem. Ges,, 1907, p. 307), it has been shown 
that fifteen metals have compounds which act in this way, 
the list being as follows, arranged according to their activity: 

1. Cobalt, manganese, chromium, nickel (iron, platinum, 
palladium) ; 

2. Lead, calcium, barium; 

3. Bismuth, mercury, uranium, copper, zinc. 

The oxygen in the higher metallic oxides is effective, and 
the more so the higher the degree of oxidation of the oxide. 
Coincident with the atomic auto-oxidation there may be a 
molecular one, especially if but little of the catalyzer is 
present, or if its action is weak. The process of oxidation 
of oils and oil-acids may be followed by observing oil or 
varnish spread in thin layers on glass plates. The thickness 
of the film, within certain limits, makes no difference; that 
is, the amount of oxygen absorbed is proportional to the 
thickness. The rapidity of the reaction varies in propor- 
tion to the cube root of the concentration of the catalyzer. 
The absorption of oxygen is, from to 20 atmospheres, 
proportional to the pressure. By raising the temperature 
the rapidity of action is greatly increased, as a rule. 

The following lead compounds are used: litharge or lead 
protoxide: PbO; red lead or peroxide (orthoj^umbate), 
Pb2Pb04 or Pb304; sugar of lead or acetate of lead, Pb 
(C2H302)2'+-3H20; resinate of. lead, and linoleate of lead. 
The manganese compounds are the sesquioxide, Mn203; 
hydroxide,. Mn2(OH) 6 ; peroxide, binoxide, or black oxide, 
Mn02; borate of manganese, resinate, and linoleate of 
manganese. Finally, there is a resinate of zinc, and a 
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double resinate of lead and manganese. The resinates of 
lead, manganese, and lead-and-manganese are each pre- 
pared in two ways, one by melting and the other by pre- 
cipitation. 

The drier should be used only when pulverized as fine as 
possible. Red lead, or minium, is* especially subject to 
adulteration with barytes; manganese borate is cheapened 
with oxide of zinc. Manganese peroxide gives off oxygen 
(3Mn02=Mn304T-20) by high and protracted heating. 
On this account in making the so-called manganese varnish, 
a mixture is sometimes used of peroxide and sulphuric acid 
with the hot linseed-oil, which gives off oxygen as indicated 
in the following reaction: MnOi + H2SO4 == MnS04 + 
H2O 4 - 0 . The manganese compounds (excepting the 
peroxide) are used in amounts of about i to per cent; 
lead compounds in larger quantity, because lead is less 
effective than manganese. The manganese preparations 
have proved on the whole better than the lead compounds; 
in particular manganese borate yields a varnish of such ex- 
cellent qualities that it must, in general, be preferred as 
a drying agent over all other preparations. It is best made 
from iron-free manganese sulphate (MnS04) and borax 
(Na2B407)- To do this, i part of manganese sulphate is 
dissolved in 10 parts of distilled water, and a little of this 
solution is added to some soda solution to see if it contains 
iron; if it does the precipitate will be greenish or yellowish, 
but if pure it will be white. If pure, this manganese solu- 
tion is added to hot borax solution as long as a precipitate 
is formed; this precipitate is washed with hot water and 
dried. 

According to Hoyer, a useful drier may be made in 
the following manner; manganese sulphate is dissolved in 
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water, and pulverized slaked lime is added to this solution, 
with agitation, until the solution becomes dark in color. 
The mixture now contains hydrated peroxide of manganese 
and calcium sulphate. It is obvious that if an excess of 
lime is present the fatty acids in the linseed-oil with which 
it is used will be saturated. By the use of this siccative, 
after it is dried and powdered, linseed-oil is cleared and its 
fatty acids are neutralized (by the formation of lime-soap). 
It produces a clear drying-oil, which with hard resins makes 
durable, lustrous, and elastic varnishes. Siccative ex- 
tract (fluid siccative) is a solution of resinate or linoleate of 
manganese in spirit of turpentine, or red lead and lead ace- 
tate cooked in linseed-oil, etc. For example, a liquid 
drier may be made by melting lo parts of manganese resi- 
nate in an enamelled kettle, then add 12 parts spirit of tur- 
pentine and cool; 3 per dent of this drier will dry linseed- 
oil quite hard in twenty-four hours. A liquid drier which 
can be used with cold linseed-oil is made by heating 5 parts 
of resinate of manganese with 10 parts of linseed-oil until 
they unite, then thin with 7 parts spirit of turpentine. A 
lead drier may be made by boiling 2 parts sugar of lead 
and 2 parts red lead with 7 parts linseed-oil; when sufficient- 
ly cooked thin with spirit of turpentine. 

Zinc compounds, as the oxide, sulphate, or resinate, are 
used as driers. Zinc oxide is especially used in combinar 
tion with manganese borate, and zinc sulphate yrith litharge, 
with good results. Resinate of zinc is best in the precipi- 
tated condition; it dissolves quite easily in spirit of tur- 
pentine or linseed-oil. It is chiefly used mixed with other 
driers. Its effect as a drier is not inconsiderable. It 
influences the color of oil but very little. 

The drying effect of linoleate of manganese is consider- 
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ably less than that of the resinate of manganese. The 
latter is a better drier than resinate of lead; manganese ; 

varnish forms a harder and more durable coating than lead - 

varnish. Resinates of manganese and lead used together i 

have a more intensive action than either of them used alone. [ 

In using the combined resinates there is often a black sedi- ! 

ment formed, which consists largely of sulphide of lead. | 

This indicates sulphur in the oil, which should therefore be ; 

tested for sulphur; and if any is found the oil should be | 

used with manganese resinate only. Varnish containing f 

lead compounds may take hydrogen sulphide from the air, I 

which may be present in small amount in the air of inhabited f 

rooms, etc., in consequence of which compounds of lead ! 

and sulphur may be formed which will cause it to become j 

dark in color. There are also some pigments, as vermilion, I 

cadmium yellow, etc., which are sulphur compounds. If 
the lead-varnish comes in direct contact with one of these, 1 

sulphide of lead will shortly be formed which will injure the ^ 

beauty of the color and the lustre. According to the in- 
vestigations of Amsel, drying-oil made without boiling with ; 

metallic resinates is not only not inferior to boiled oil but 
for many purposes is to be preferred. 

According to the experience of the writer (which now 
has amounted to about a quarter of a century in the 
varnish and paint industry), the notion that lead present ! 

in varnish as a drier causes it to darken from the action | 

of sulphur is a purely academic conception, without ex- j 

perimental basis. In the first place, sulphur compounds 
in the air are acid, and oleoresinous varnishes are in- 
different to dilute acids, as a rule; the lead is present in 
minute quantity, and is in chemical combination with 
the oleoresinous matters, which are insoluble in water, 
and it is extremely doubtful if even strong H2S can take 
the lead out of such combinations; so far as the writer 
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knows, no chemist has ever claimed to have done so; 
the writer has tried it in various ways without success. 
While it is true that moisture sometimes penetrates var- 
nish films, it does this by their porosity, not through the 
substance of the varnish; and the lead is not in these 
pores. Lead combined in minute amount in varnish 
is not like lead hydrate mixed in great volume with oil as 
a pigment, where it is mechanically exposed to the atmos- 
phere by the gradual perishing of the oil by abrasion or 
chemical action. The darkening of varnish surfaces is 
probably due chiefly to the action of light on the surface 
to which the varnish was applied; it has always been 
known that light darkens wood, canvas, or almost any 
material long exposed to its action; and partly to the 
yellowing of the linseed-oil in the varnish, which cannot 
be prevented by any known means. 

Grinding pigments containing sulphur, as vermilion, 
cadmium yellow, etc., in grinding japans or oils loaded 
with lead compounds is, of course, out of the question. 
Ordinary lead driers hold lead in weak combination; 
otherwise they would be of no use. It may be that var- 
nishes containing even small amounts of lead, if mixed 
with sulphides and left indefinitely, will give up the lead 
in part to the sulphur, and it is not claimed that such 
varnishes should be used in contact with unstable sul- 
phides; but this is a different thing from ordinary atmos- 
pheric action. Articles of furniture, such as chairs and 
desks, in the lecture-rooms of chemical laboratories, if 
varnished with thoroughly good oleoresinous varnishes, 
do not darken more than similar articles in the lecture- 
rooms of other buildings ; but inferior and cheap varnishes 
are quickly destroyed in such rooms. 
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MAKING LACQUERS AND VARNISH 

I. PREPARATION AND CHOICE OP RAW MATERIALS 

It is necessary that copals and amber should have a 
suitable treatment before they can be used in making 
varnish. It has already been said that copals which have 
been dug from the earth are covered with a, more or less 
thick incrustation of decomposed resin, which must be 
removed by washing or otherwise. 

For washing copals (Zanzibar, Benguela, Angola, Accra, 
Sierra Leone, etc.) a large wooden tank is necessary, which 
is half filled with a solution of 5 parts by weight of potash 
in 100 parts of water. Into this solution the copal is put 
until it fills the tank to about a hand-breadth from the top. 
In about six hours the incrustation becomes softened; the 
contents of the vat are then agitated with a broom of twigs, 
so that the pieces of resin may rub against each other and 
the incrustation come off. When this operation has been 
carried on for about twelve hours, the cleaned copal is 
taken from the lye and washed with fresh water, until there 
is no longer an alkaline reaction, and finally it is spread 
out in thin layers and dried in the air. Deep cavities in 
the pieces of copal are scraped out with a knife. 

Raw amber, copals, and related resins may also be treated 
in the following manner: the resin is immersed for one 
minute in red fuming nitric acid, which may be slightly 
warm. It is next spread out on stone flags, five to ten 



70 


VARNISH-MAKING 



minutes, by which time the adhering acid is exhausted, 
and a layer about 0,5 mm. thick is dissolved from the sur- 
face of the resin. The pieces of resin, dried and separated 
from the incrustation of yellow powder, are then put in a 
lo-per-cent solution of caustic soda, slightly warm. It is 
then washed with warm water until the dark brown adher- 
ent scum is entirely removed. After this, the resin, which 
is now pure and clean, is put for one minute in a bath of 
I to 5 per cent sulphuric or acetic acid, then well washed, 
and dried. Amber, copals, and other resins may be thus 
purified. 

After cleaning as above described the copal is sorted. 
The large pieces are first picked out, and then it is put on a 
sieve with openings i cm. square. What remains on the 
sieve is put in a cask, and the rest is put on another sieve 
with openings yi cm. square sq. cm.). The sifted 
portion goes on the finest sieve, which has twenty-four 
openings per sq. cm. The large pieces which were first 
taken out are broken with a hammer for inspection, and 
separated into sorts according to purity, as are also the 
smaller pieces which have been sieved. All those portions 
which contain much impurities are kept by themselves. 
On account of the fact that their organic impurities char 
and blacken the whole mass when the resin is melted, this 
impure material is not fit for making varnish, or at least 
not for transparent varnish. Each sort of copal must, 
according to its hardness, be broken into pieces before 
melting; the normal size for Zanzibar may be taken as .5 
cm. sq., for West-African copals .75 cm. sq., for Manila, 
Kauri, etc., 1.5 cm. sq. The comminution of copals is 
done by hand-labor with cutting pliers, or in a mill or ma- 
chine made for the purpose. 
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Mills for Resin, Shellac, and Copals. — To reduce copals 
and other resins to small pieces, a suitable mill is made 
by Aug. Zemsch, at Wiesbaden. It is a machine which 
consists of a hard steel conical mill, the cones adjustable 



as to distance from each other. By separating them the 
size of the fragments is increased. It can be so adjusted 
as to produce fragments of different sizes, and even to 
reduce the resin to a coarse powder; it will operate on either 
hard or soft resins. 
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After breaking up the copal it is sifted; dust and chips 
are used only in dark varnishes. Hard resins are ordinarily 
classified in two or three sorts, but the softer oneS; as 
Manila and Borneo, are graded according to their color and 
purity into four or more^^rades. Copal which has been 
reduced to powder by grinding in a mortar easily sticks 
together; the principal object of pulverizing it is to use it 
with a solvent either cold or moderately heated, to make a 
solution; it should for this reason be made as fine as pos- 
sible. To prevent it from caking and to promote solution 
it is coarsely powdered, then mixed with sand or p^owdcred 
glass; it may then be more finely pulverized. This has 
already been mentioned. 

Under the subject of shellac information has already 
been given as to the methods employed in its solution, and 
also its bleaching. 

Asphaltum is broken up with a hammer, in a suitable 
box, into pieces as large as a nut; the dust and chips are 
used with the rest. 

Dammar has the dust and smallest fragments sifted out, 
and the remainder is sorted according to its light or darker 
color into tw'o grades. Mastic and sandarac have the 
dust removed, and these are spread out on white paper and 
sorted according to clearness. 

The preparation of linseed-oil, including its bleaching, 
has been described under linseed-oil. The like is true of 
spirit of turpentine, of which only the best rectified sort 
is used for making jBne varnishes. While turpentine sub- 
stitutes have recently come into use, and in some cases are 
good equivalents in whole or in part, tJbeir use is to be dis- 
couraged because they unfavorably influence the drying of 
varnish. 
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2. GENERAL Kl'MAHKS ON MKLTJXC*. AND DISSOLVING 

RESINS 

It iTiny Ir* said that piea*s of rosin whidi rosemblc* 

iNivh other in luhtnN eolor, tnyispareney. etr., arc*, as a 
ruir, alike* as to sohihility. For this jnirpose the* resins 
should }«.* prejKired has !M*t*n direciech ami also should hr 
classifirci and. arranged acTording to tlirir distinguishini^ 
i‘harac1,cTistii'H, rspof ially t.hrir c'olor and c lc*arnrss. For 
line, watera'lisir varnish only the best and elcsarrst pieces 
can be used; file more* clre|.)ly ro!ort*d piectes are tc.) used 
for more ordinary varnish. 

is j>r;u list'd with thtM' 0 |>aLs, damrnar, mast ir, and 
■Handarac. All rcesiiis, as hard cs.i{)ah whitdi must be 
mellrd before disstdviitg in liiisiTih'oil ter !iirpt,*n:liiie, iinist 
be in uniform idrees, T'he manner in which copal or amber 
is inellrcl and roriibiiied with dryiie^-oit ami ihc*n with tur 
{Mmiiiie will be tiescribeci later. Ca.ipal in {>ulveri/4*d con- 
tliliori is not well suited for meitinp;; it is fcHirtd that if if 
is rnelted il. wall make only dark-colored varnisli. On the 
other hand, if the rojKil nr other resin, as shellac in ihtctk 
flakes, .sanilarac, colojdiony, arandd resin, eirs, is to tie dtS' 
solveci in ii or miitiire of solvents, it, should first. 

Ill* recliic'cci to ;i fine {Kiwder. It is, nevertheless, l.o hi.* 
remarked that if the fiowdered resin is piit djriaiiy into the 
solveiil llie iriifiiiti! particles of resin will c'ohere and form 
Itiiiifis wliirh are rii\‘tio|«!d by a layer of thick half alis-solved 
resIfL wlik'h flinders further action of the fo pri* 

icfil this afiiioyaiire the fKiwdered resin may be iniirf! with 
an erpial vohinir of an inactive swtistance bebin* atfeiit|iliitg 
Miliilifiii* Siiitaiilr siibslaiircB, having no arficiti on the 
resiiin, art! fHiwiierefi glum and piift*, fine cjiiarl/. Miici If 
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I some of either of these is mixed with the powdered resin it 

I will not form lumps when wet with the solvent, and its 

? particles are therefore easily dissolved. I'he glass powder 

* for this purpose is made by grinding glass in a mortar or 

otherwise; the coarse [)ieces are sifted out, anti then the 
f finer portion is put in a fine sieve of metal cloth, anti the 

fine powder thus obtained will not cjuickly settle tmt of the 
varnish. 

I Resin solvents arc used either cold or warm; in the latter 

I case, solution is more rapid. Most tif the lifjuids u.sed as 

i solvents arc more or less volatile, as has In'en .saitl when 

I describing them in detail. Many, as ether (boiling-point 

j .M-S” C. (94° F.J), carbon bisulphide fhoiling-jHiint 43® C. 

I [loc/ F.]). acetone (fmiling-point 56” C. F.j), benzine, 

etc., are extraordinarily volatile; in conserjuence of this the 
I- use of the.se .solvents involves appreciable loss if they are 

I warmed. Moreover, their vajMir, anti :ilso that of liquids 

I like turpentine, which have a higher btiiling pfint, is in- 

I flammable and on that account tiangerous. Because of 

this endeavor has lieen madi; to construct apparatus in 
which solutions may lie made without !os.s of volatile sol- 
vents and without ri.sk of their taking fire. For doing this 
I on a very small scale a small glass flask (bolt -heat!) may be 

I used, the opening covered with a wet piece of bladder, in 

the middle of which is a pin-hole. The flai 4 is heated in a 
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this perforated diaphragm the resin is placed, and enough 
alcohol is poured in to fill the can up to just above the sheet 
of perforated metal. The can is then closed with a tight- 
fitting cover, and set aside. After more or less time, ac- 
cording to the nature of the resin, say in six to twelve hours, 
the solution will be accomplished. Various other apparatus 
will be described later. 

Concerning the melting of copal or amber it is to be 
observed that only well-cleaned vessels should be used, and 
if possible these should be enamelled. After every melt 
the melting-kettle must be washed with spirit of turpentine. 
Mention has been made of the sorting of copal; this must 
be done to preserve its color and purity. The separate 
pieces of copal must be as similar as possible. If the quan- 
tity of resin to be melted is large, the dust and chips may be 
put on the top and melted with the rest, if desired; but if 
the quantity is small, and especially if the dust lies beneath, 
on the bottom of the kettle, this may not be done. To 
melt the copal quickly, and to hasten the work, a strong 
fire is needed; the copal must be made so fluid, in the 
melting process, that it will run off the stirring-rod like 
water. Foam in the kettle is not allowable, and it is ob- 
jectionable to have condensed vapors run back down the 
sides of the kettle. 

After each addition of the drying-oil to the melted resin 
the compound must be tested as to its perfect union. The 
oil is gradually added to the melt with vigorous stirring; 
when the first portion of oil is in, a sample is put on a piece 
of glass and inspected for limpidity and transparence as well 
as color. The cooled sample on the glass must show no 
white opacity, striations, or other cloudiness; it will be 
clear and transparent if the copal and oil have completely 
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united. If the mixture is turbid no more oil must yet be 
added, but after a minute or so another sample is examined. 
If not now clear, the kettle must be returned to the fire 
and heated until the contents are properly combined. If 
the drying-oil is, at the time it is added, at a sufEiciently 
high temperature, no cloudiness will appear and the cooking, 
as above described, will be unnecessary. It is unavoidable 
that prolonged cooking darkens the mixture, and this makes 
it essential to have the fire just right to clear the melt with- 
out excessive heat; the copal may be easily scorched in 
too hot oil. It is possible and desirable to have the copal 
in such a state that it will instantly unite with the drying- 
oil. 

It is found in practice that notwithstanding the careful 
selection of the resin and following the process of melting as 
described, there will be a difference in color in different 
batches. It is therefore customary to examine each melt, 
after the oil is combined, for color, and to keep the paler 
separate from the more deeply colored lots, and finally to 
store these in different tanks; in this way the same lot of 
copal yields two varnishes, one paler and the other darker. 

When the foregoing tests show that the copal and oil are 
properly xmited, the contents of the kettle are poured into 
a larger kettle or tank which is provided with stirring and 
cooling apparatus, where it is stirred continuously for two 
hours, either with a mechanical stirrer or with a broad- 
bladed hand-stirrer. If the mixture becomes too thick to 
stir, it must be warmed; if too thick and too cold the tur- 
pentine, to be added later, will not mix with it. One result 
of the prolonged stirring of the oleoresinous mixture is its 
absorption of oxygen from the air. 

To get the copal into such a condition that it will be sol- 
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uole in the drying-oil it must lose in melting, on the average, 
15 per cent of copal-oil. It seems unavoidable, in melting 
a known weight of copal in a small open kettle, to lose a con- 
siderable percentage of its volatile portion in getting it 
ready to combine with the oil; but if done in a larger way, 
a kettle with a condenser attached may be used; the process 
of distillation must be immediately interrupted when th(‘ 
contents are ready for the addition of oil. In order to 
secure the volatile copal-oil which is contained in the copal 
a melting-kettle is used which has an easily separable dome 
and vapor-tube connected with a condenser in which the 
vapors may be liquefied; obviously, such a distilling ap- 
paratus must be quite close and tight. 

The volatile copal-oil which is thus obtained is of vary 
ing densities and boiling-points, and by fractional distilla- 
tion may be separated into several constituents, which 
differ in consistence and color. The offensive odor of the; 
vapor may by this means be in great part obviated. The 
liquid so prepared is a good solvent for semi-hard and soft 
copals. 

Usually the residue from melting copal is immediately 
burned; in very large establishments it is sometimes mixed 
with coarse sawdust and made into little pieces which are 
to be used as kindlings; on a smaller scale it may be mixed 
with coal-dust and at once put on the fire. 

The spirit of turpentine is usually added to the oleo- 
resinous mass at the end of the two-hour stirring. More 
will be said, in discussing the manufacture of oleoresinous 
varnishes, about this, and of the proper proportion of resin, 
linseed-oil, and spirit of turpentine* 
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OIL-VARNISH AND OLEORESINOUS VARNISH 

I. LINSEED-OIL VARNISH 

As has been already said, linseed-oil has the property of 
drying when spread in thin layers and exposed to the air. 
This .quality becomes more pronounced when the oil has 
been heated for a considerable time. When heated, it first 
gives off watery vapor; at ioo° C. (2i2°F.) the steain 
escapes in bubbles. At about 150° C. (300° F.) the yellow 
coloring-matter of the oil is decomposed by the heat, and 
by heating further the oil becomes pale in color. If fresh, 
slimy, and turbid oil is heated to about 80° C. (175° F.) 
it foams strongly over the whole surface; in this case the 
heat must be raised slowly until the water and foam are 
expelled. Usually, and especially with oil which has been 
held in storage, the heat may be steadily increased until at 
170° C. to 175° C. (340°-345° F.). The foam disappears 
and the mucilaginous matter is separated from the oil and 
partly destroyed. If the foam does not disappear on heat- 
ing the oil to 170° C. (340° F.) it is held at this temperature 
until it is gone. ■ 

Varying with the intensity of the heat and the age and 
purity of the oil, it takes from two and a half to four hours 
to prepare clear oil, free from foam. The most rapid method 
of preparing oil-varnish is by the addition of certain chemi- 
cal products, chiefly manganese and lead compounds, which 
have already been described, while the oil is being heated. 
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At about 170° C. (340° F.), the drying-compounds, which 
have been ground with oil, are added gradually, in small 
quantities, to the clear and pale linseed-oil. As the oil 
foams strongly with each addition of driers, it is necessary 
to carry oti this operation very carefully. When the driers 
are all dissolved, the varnish is ready to be left to settle. 
The best product is obtained if the oil along the side of the 
kettle, or over a part of the surface of the oil itself, shows a 
thin film. 

With lead compounds a varnish (lead-varnish) may be 
made by the following process: 

A suitable quantity (e.g., 100 kg. [30 gal.]) of linseed-oil 
is put in a varnish-kettle and heated until it begins to foam. 
The foam is removed with a skimmer, made like a sieve 
so that the oil which is taken up with the foam may drain 
back into the kettle. When it ceases to foam and the 
smooth surface of the oil begins to appear, some well-dried 
and finely ground litharge, 2 or 3 kg. { 4)4 to 7 lbs.), is 
gradually added, and the temperature raised until the oil 
simmers and gives off vapor. Every eight or ten minutes 
it should be stirred to prevent the Ktharge from settling, 
and this is continued two and a half to three hours. When 
it has become so thick that threads of oil will string out 
from the stirring-rod when it is taken out, the fire is in- 
creased until thick, heavy vapors begin to be given off. 
Tested with a feather, when it is so hot that the web of the 
feather quickly shrivels, the fire is hot enough, and the 
smoking oil must be rapidly stirred so that it may be 
heated equally and will not boil over and take fire. Gradu- 
ally the vapor will dimmish; it need then no longer be 
stirrred and the fire may be allowed to go out. The finished 
varnish, from which most of the residue of undissolved 
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litharge has settled out, is left quietly in the covered kettle 
until quite cool. It is then dipped out with a ladle and 
poured through a not too thick linen cloth, which will re- 
move the greater part of the suspended matter which causc.s 
turbidity in the varnish. Thereafter it is stored in casks, 
not entirely filled, to clarify; the bung-holes of the casks 
are closed only with paper spread loo.sely over them to keep 
the dust out; this increases the drying quality of the 
varnish. 

Instead of litharge, red lead may be used; this is richer 
in oxygen than litharge, and if in the finest ixxssiblc state 
it makes the oil into varnish more quickly and completely 
than litharge. 

One part of litharge, i part red lead, and i yi part.s of 
sugar of lead may be mixed intimately, and i kg. (2.2 lbs.) 
of this mixture put into a bag of thick linen cloth; and 
this may be suspended in a vessel containing 30 litres 
(8 gals.) linseed-oil and 30 litres of water, so that it is in 
the liquid. The mixture is heated until the water is all 
driven off, and the hot varnish is filtered through a felt 
filter. In this way a varnish is made without any true 
cooking of the oil. 

As air containing hydrogen sulphide darkens lead-var- 
nish, zinc compounds are sometimes used in place of lead; 
it is well known that zinc sulphide is white. Varnish can 
be made by cooking linseed-oil with zinc oxide, but it is 
rather slow to dry. There is a preparation known in the 
trade as “zumatic siccative”; this contains, according to 
Bolley, 91.84 parts of zinc oxide, 2.12 parts manganese 
oxide, 2.40 parts quartz sand, boric acid, traces of lead, and 
an organic substance. The manganese borate plays the 
chief part, and the other materials, such as zinc osdde, are 
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added to cheapen it. It is used with colors based on white 
zinc, to make them dry quickly. 

Using manganese compounds good linseed-oil varnish 
(manganese varnish) may be made, as follows: 

Linseed-oil, loo kg. (220 lbs., say 30 gals.), is heated to 
180° C. (360^ F.) or 200^ C. (390^ F.), and then a mixture 
of 2 kg. (45^ lbs.) of finely powdered manganese dioxide 
and 2.5 kg. CsH lbs.) of sulphuric acid is added to it. This 
mixture when heated gives off oxygen (MnOs + HoSO^ = 
MnSOi + H2O + O), which oxidizes the oil; at the same 
time some of the manganese dissolves in the oil. After 
heating from i to hours some thick milk of lime, made 
by slaking i kg. (2^ lbs.) of quicklime in water, is added, 
and after standing twelve hours the varnish is put through 
a felt filter. 

Linseed-oil, 100 kg., is heated to 140"^ C. (285° F.), 2 per 
cent manganese oxide in lumps is added, and well stirred 
for half an hour, until a temperature of 160° C. (3^0° F.) 
is reached; it is then allowed to cool, and after standing 
four days it will be a pale varnish which will not have any 
further sediment. 

In a suitable vessel 10 kg. (22 lbs., say 3 gals.) of linseed- 
oil is heated, and 2 kg. {4^ lbs.) of finely powdered, dry, 
white manganese borate is gradually added with vigorous 
stirring; it must be thoroughly and uniformly mixed with 
the on. It is heated to about 200° C. (390° F.). At the 
same time i ,000 kg. (300 gals.) of linseed-oil is heated in an 
oil-kettle imtil it begins to bubble, and then the aforesaid 
mixture of oil and borate of manganese is run in, in a thin 
stream, and the heat raised until the whole is in ebullition. 
After cooking it twenty mmutes it is ladled out and filtered 
through cotton, 
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Varnish can be made with resinates in the following man- 
ner: 

Heat 200 kg. linseed-oil to 140° C. (285° F.), add 4 kg. 

2 per cent) melted manganese resinate, and stir 
vigorously half an. hour, until the temperature reaches 160° 
C. (320° F.) ; then let it cool. After three or four days the 
varnish is clear and pale. 

If precipitated manganese resinate is used, the oil is 
heated to 150° C. (300° F.); then to 2 per cent of 



Fig. 2. — Portable Furaace. 


the resinate is mixed with a little oil and stirred in 
the whole quantity of oil and held at the above tempera- 
ture two or three hours; the varnish thus made will clear 
by standing. 

Linseed-oil varnish has of late been made from the 
glycerine-free fatty acids of linseed-oO, by heating and 
adding oxidizing agents. In oxidizing oil the glycerine is 
destroyed, and so in vamish-making there is a loss of 
glycerine. For this reason varnish is made, not of the oil 
itself (linseed or other drying-oils), hut of the fatty adds 
made from it, which prevents the loss of glycerine and also 
makes oxidation easier and more rapid. The oil is saponi- 
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fied with caustic soda and this is decomposed by a mineral 
oil which precipitates the fatty acids, which are washed 
with water and preserved in wooden tubs. 

As the foregoing directions have shown, in making 
varnish the linseed-oil is sometimes heated only to 170° C. 
or 175° C., and sometimes to 220° C. or 300° C. Linseed- 
oil begins to give off bubbles at 100'' C. (212° F.); this is 
solely because some water is present. From 150*^ to 180*^ 



Fig. 3. — Varnish-kettle. 


C. the yellow coloring-matter is broken up by the heat; 
at 180® the oil becomes clear and pale. Oil is changed in 
its consistence at about 300^, especially if it is cooked at 
316® C. (600^ F.). In practice varnish is cooked at tem- 
peratures ranging from 220^^ C. (430® F.) to 300° C. (570° 
F.). For making varnishes which dry well the oil must be 
held for a period of three hours at 235^ to 245° C. (455® 
F. to 475® F.) . The temperature is known by thermometers 
in metallic cases. 

On a small scale oil may be boiled in an iron kettle hold- 
ing say 50 kg. (15 gals.), with a portable furnace (Fig. 2). 
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The kettle may be two- thirds full of oil; the fire is started 
and when it begins to boil the driers are added little by little. 
When these are all taken up and no more oxygen is evolved, 
the kettle may be filled and heated further. When the 
varnish is done the kettle is taken from the fire and the 



Fig. 4. — Oi!-kettlei 


contents put in a suitable iron vessel, in which it gradually 
clears itself. As has already been said, it may also be ^ 
cleared in storage-tanks. Kettles of various shapes are 
used for boiling oil. Aug. Zemsch of Wiesbaden makes 
three sorts, the one shown in Fig. 3, one shaped like a flask, 
and one cylindrical; these are of enamelled cast-iron. 
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W. C. Heraeus of Hanau makes oil-kettles as shown in Fig. 
4, iron outside, aluminum-lined, with an aluminum heating- 
coil. 

The advantage of using aluminum is that its action to 



Fig. 5- — Set-kettle for Varnish. The grate is on wheels, by which 
the fire may be withdrawn. 


oxidizing agents and solvents is such that it does not dis- 
color the varnish. 

Enamelled iron kettles are satisfactory; but it is to be 
observed concerning copper, that copper compounds are 
of a green color, which undesirable peculiarity makes it 
necessary to have the copper tinned for some uses. 
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If steam is used as a means of heating the oil, the kettle 
may be provided with a steam-coil within, or it may be 
made with a steam-jacket, in which it is usual to carry steam 
with a pressure of say 6o lbs. per square inch. It is desir- 
able to have these kettles enamelled. Since it is impossible 


Fig. 6. — ^Varnish-kettle, According to E. Andr^js. The fire, JR, may 
be dumped into the water, W, by pulling out the support, S, 



in these kettles to get the temperature of the oil higher than 
that of the steam (about 132® C. = 267° F.), it is not 
necessary to take precautions against the oil boiling over, 
such as have been described. The absorption of driers 
goes on but slowly, and begins about thirty or forty minutes 
after steam is turned on; about six hours^ cooking is 
necessary to finish the varnish, after which the oil is drawn 
off through a pipe which drains the inner kettle, and is 
stored in a suitable cask or tank. Steam-cooked oil is 
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paler than that made over an open fire, because made at 
a lower temperature. The plant may consist of two or 
more kettles set in an iron frame; when not in use the kettles 
are stored bottom up. Instead of ordinary steam, super- 
heated steam is also used. A suitable superheater is shown 
in Fig. 7. In this apparatus the steam is brought from a 
steam boiler in wrought-iron pipes, several connecting lines 
of which pass through a furnace, as shown in the illustration ; 



Fig. 7. — ^Steam Superheater. 


these are connected with return bends, outside the furnace. 
Steam enters by the pipe d and leaves by either a or 6. The 
drip-cock h is for measuring the temperature, and the 
gauge M shows the pressure of the entering steam. 

Lehmann constructs an oil-boiling apparatus, safe from 
fire and which removes offensive vapors, shown in Fig. 8, 
in which the superheated steam coil is placed directly in 
the oil-kettle; the steam is heated to about 400® C. (750® 
F.) and the oil is heated by the coil, gradually and uniformly. 
The oU-bofling kettle has a cover, hung by chains which 
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pass over pulleys, in which there is a small opening which 
may be closed; this is for watching the boiling process, 
introducing driers, and stirring the oil when necessary. 
I'hrough the cover hangs a thermometer, which dips intu 
the oil, and shows its temperature. The cover terminates 
above in a sheet-metal pipe, which carries off the vapons 



Fig. 8. — Lehmann’s Apparatus. 


of the oil and leads them to the superheater, where they 
are passed through the burning fuel and are consumed. 
To prevent the flame from flashing back through this pipe, 
it is provided, in the ash-pit of the superheater, with a disk 
of fine wire cloth, which acts as a safety-gauze. To guard 
against loss, the kettle has an overflow pipe, through which, 
without loss or damage, the oil may run into a suitable 
receptacle and cool. To utilize more fully the heat of the 
steam, which is still very hot when it leaves the oil-kettle, 
it is led to an oil-heater, which is placed at a higher level 
than the kettle, in which the next charge of oil is heated. 

Instead of steam, superheated air may be used. TTiis is 
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blown by a centrifugal fan into the system of pipes of the 
superheating furnace, and after the air has given up most 
of its available heat to the oil, it is led back to the fan, so 
that the same air is circulated continuously between the 
fan, the superheater, and the varnish-kettle. 

Recently air ozonized by electricity has been used in 
varnish-making. When ozonized air is blown through 
slightly heated linseed-oil, the oil is rapidly thickened and 
in a short time is made into a quick-drying varnish. The 
operation is best conducted in a tall cylindrical vessel, in 
which an air-pipe terminating in a rose dips to the bottom, 
and which also contains a steam coil for heating the oil; 
this is heated to 40® or 50"^ C. (100° to 120*^ F.). In the 
factory is a steam-engine which drives a dynamo, generat- 
ing a large amount of electricity, and an air-pump which 
forces the air through the ozonizin^-apparatus and then 
through the oil. As it can escape only in small bubbles 
from the rose on the end of the air-pipe, and passes through 
a considerable column of oil, the ozone is all absorbed, and 
that which finally escapes is only ordinary air. Oil treated 
in this way is almost colorless, and no drier is needed. 

2 . COPAL, AMBER, AND OTHER OLEORESINOUS VARNISHES 

The oleoresinous varnishes should be made of the hardest 
resins, such as Zanzibar, amber, Madagascar, red Angola, 
etc. Besides the resinous ingredients they contain linseed 
or other drying-oil, spirit of turpentine, and driers. As has 
already been said, the copals and amber must have been 
melted before they will dissolve in the drying-oil; the 
method of melting and of combining the oil has been de- 
scribed. Properly melted copal dissolves without difficulty 


go 


VARNISH-MAKING 


in hot oil. It may be remarked that the harder the resin 
the more difficult it is to melt, and the higher must be the 
heat both in melting and in combining the oil. 

It has been said that the mixture of melted resin and oil 
must be stirred together two hours before adding the tur- 
pentine; it remains to be said how the latter and the 
driers are to be added. While the copal mixture is very 
hot only a little spirit of turpentine may be added at a time, 
and the stirring must not be violent, otherwise too much of 
the turpentine will evaporate. Concurrently with the 
turpentine the liquid drier may be added to the oleoresin- 
ous mixture. The finished varnish is strained through 
a cloth and put in storage as hot as may be practica- 
ble. The temperature of the storage-rooms (tank-rooms) 
should not fall below 15° C. (60° F.) and in winter 
must be heated. In order that the odor of the copial-oil 
and of the turpentine may pass off quickly, and also 
that some further oxidation may take place, the varnish 
tanks are left uncovered about four weeks. A sam- 
ple is taken from the tank, cooled, and examined as to 
its consistence (body) ; it naturally becomes thicker with 
age; but if it is too thin (which should never occur) it 
must be thickened by the addition of some varnish made of 
the same resin and oil, but thinned with some of the thin 
varnish instead of turpentine; and if it is too thick or heavy, 
it may be thinned by adding a suitable quantity of spirit of 
turpentine. It is not uncommon to add the driers to the 
oil-and-resin mixture while stirring it, before the turpentine 
is put in; in this case it is cooked in for two hours, until the 
foam on the surface disappears. The varnish in the kettle 
is tested as to its quality; a spatula is dipped in it and 
when taken out is covered with a thick layer which runs 
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off in dear yellow drops, until the liquid on the spatula 
gradually becomes a thin film. Letting the drops fall on a 
glass plate they should not flatten out, and when cold 
should be of the consistence of a thick, stringy syrup. 
If the varnish is like this, it is taken from the fire and 
cooled until the spirit of turpentine can be added in small 
portions. After each addition of turpentine, when it has 
been stirred in, a sample is taken and tested for viscosity; 
if it quickly thickens on cooling more turpentine is added; 
the end is reached when it is observed that a little more 
turpentine makes it quickly much thinner. When of the 
proper consistence, varnish is much influenced by the addi- 
tion of a little turpentine. As has been already said, 
various chemical products are used as driers, of which the 
most important is litharge, then manganese borate and 
resinates of these metals. 

The varnish, when ready for use, must be thickly fluid 
and have a clear yellow color; when spread on a surface it 
must flow out evenly, without ridges or brush-marks. After 
standing six to twelve hours it must be quite dry on the 
surface, and must subsequently dry throughout so as to 
form a film which is lustrous and shining in appearance and 
at the same time sufficiently elastic; it must not crack nor 
peel off. Exposed to the weather it must remain unacted 
on for a long time. 

There are a great number of formulas for making copal- 
varnishes. In these the most uncertain quantity is the 
turpentine; there are differences in the character oif the 
copals, in the consistence of the drying-oil or of the 
oil-and-resin mixture, and in the temperature at which 
the turpentine is added, which involves more or less 
waste of turpentine, that require various amounts of 
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this ingredient to produce the right degree of consistence 
or viscosity. 

The work cannot be conducted by any established for- 
/ / mula, and the directions which have been given in the sec- 
) / tion on melting of resins are only general in their nature, 
V and vary with different copals or amber. 

Bjerregard has proposed to mix the copal (e.g., kauri) 
with raw linseed-oil and heat the whole in a kettle until 
the resin is melted. With kauri the necessary temperature 
is 177° C. (383® F.). When the resin becomes soft or 
melted, the whole must be well stirred to mix the ingredients 
well and let any gas that has been formed escape. 

A-fter this the temperature must be raised, stirring being 
continued, and cooking continued until the oil and resin 
are properly combined, as shown by tests already described. 
With kauri, a sample taken out will show the desired qual- 
ity at about 315° C. (600° F.). When this is accomplished 
the varnish is cooled and thinned, with several hours’ stir- 
ring, with spirit of turpentine or whatever solvent may be 
chosen, to which a L'ttJe drier has been added. 

Bjerregard maintains the opinion that by using raw 
linseed-oil the copal will become thoroughly combined with 
it by the time the oil comes to boiling. If a more viscous 
varnish is desired, the cooking is carried on for a longer 
time. By boiling raw oil at too high a heat more or less 
of a gelatinous substance is formed, which has a harmful 
effect on the varnish; for this reason the use of unboiled 
oU in the manner described is to be preferred. By Bjerre- 
gard’s method the copal, either ground or in pieces, is added 
to the hot oil, little by little, and dissolved as has been de- 
scribed. As it tends to rise to the top of the oil during cook- 
ing, the apparatus must be so constructed that this may 
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be prevented. The time of cooking depends on the amount 
of surface of the apparatus exposed to the source of heat 
and on the character of the fire. In essentials the making 
of amber varnish is like making copal varnish; for example, 
melted amber is heated with boiled oil (or oil- varnish) in a 
kettle until the amber entirely dissolves, and then the tem- 
perature is raised to 200° C. (390° F.), the drier (e.g., 
manganese borate) is added, the cooking continued an 
hour, and then it is taken from the fire; when it has cooled 
to 60° or 70° C. (140*^ or 150® F.) the spirit of turpentine is 
added. 

Varnish is made by Wilson Neil by melting selected clear 
pieces of amber (2 parts), adding to it hot, boiled oil, 9 
parts, heating the mixture until it makes a thread, and thin- 
ning with 13^^ parts of spirit of turpentine. 

The following method for copal and amber oleoresinous 
varnishes has been patented by Henri Terrisse (German 
patent 165008, v. 30, VI., 1904). Hard and medium 
copals (Zanzibar, Madagascar, Benguela, Angola, Congo, 
Manila, etc.) may be used. The resin is first dissolved under 
pressure (4^ atmospheres) in naphthaline, at a temperature 
of 250° to 290° C. (480® to 550*^ F.) in a digester or autoclave 
provided with a mechanical stirrer; then linseed-oil is 
added; the whole filtered, if necessary, and the naphthaline 
is then recovered by distillation in a vacuum distilling- 
apparatus. The solution thus obtained may be made into a 
varnish by adding boiled oil, turpentine, and driers. Amber 
and Accra copal can be used in this way only v/hen mixed 
with some other copal; e.g,^ Accra may be used with Ben- 
guela. Except Accra, the copals may be dissolved in this 
way and the loss of weight in melting is avdided. Accra 
copal dissolves in naphthaline only at a temperature of 
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345° C. (653° F.) and under 18 atmospheres’ pressure, and 
the solution thus obtained is not suitable for varnish-mak- 
ing; but if Accra and Manila are mixed in equal parts they 
dissolve together in naphthaline at 255° C. (510° F.) and 
atmospheres’ pressure. The advantages of this pro- 
cess are the pale color, durability, and lustre of the var- 
nishes so made. 

Inasmuch as certain oil-acids, especially the acids of 
linseed- and castor-oHs, have in a marked degree the capac- 
ity of dissolving kauri resin, a process has been devised for 
making a linoleic-acid varnish; the linseed-oil is saponified 
with caustic soda and the linoleic acid precipitated by a 
mineral acid, washed, and stored in wooden receptacles; 
then two parts of powdered kauri resin and one part of 
linoleic acid are heated to 110° to 125° C. (230° to 260° F.), 
and a reaction takes place, the copal evolving a volatile 
aromatic oil and becoming dissolved. This reaction ceases 
gradually and after four to six hours’ heating the solution 
may be made into a varnish by adding hot turpentine and 
linseed-oil. 

To make, for example, a floor-vamish, 100 kg. of pow- 
dered kauri resin and 50 kg. of linseed-oil acids are put in 
an enamelled iron, steam- jacketed kettle, which is provided 
with a mechanical stirrer, heated by steam to 125° C. 
(260'° F.) and held at this heat four to six hours. From a 
kettle which stands at higher level a hot mixture of 350 kg. 
spirit of turpentine and 75 kg. of linseed-oil varnish (pref- 
erably prepared with borate of manganese) is gradually 
added, smd, with constant stirring, roo kg. rosin spirit and 
50 kg. benzine. It is then heated with occasional stirring 
for an hour, and drawn off into a tank to settle. When 
clear it is ready for use. In this way kauri may be dissolved 
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in linseed-oil and turpentine without melting, and made 
into a varnish. 

It may in general be observed, that melted copal treated 
with hot linseed-oil or boiled oil will not separate; if it 
separates and settles to the bottom as a solid, hard mass, 
it is evidence that it was never properly melted. For this 
reason the greatest care is taken in melting it. But as the 
melted resin is always darker in color — especially is this 
true of amber — attempts are constantly made to prepare 
varnishes, by using various solvents, without melting the 
resin. On the whole these attempts have not been very 
successful; varnishes made in this way lack elasticity, 
unless linseed-oil is added to them; and, when this is done, 
in most cases all or part of the copal separates. Spirit of 
turpentine is added to the oleoresinous mixture to give the 
necessary flowing quality. 

If melted copal be dissolved in spirit of turpentine or 
other volatile solvent, we have a copal spirit varnish. 
Spirit varnishes form hard films, but they are easily rubbed 
off. Linseed-oil dries to an elastic film, but it has a dull, 
mat surface, and has a considerable resistance to the action 
of the atmosphere. Because of this, linseed-oil is boiled 
with driers to a varnish; fiilms of this have little hardness 
and last only a limited time. To give the film hardness, and 
especially lustre, melted copal is added; by this combin- 
ing, the latter gains elasticity, and loses its own natural 
brittleness. To increase the rapidity of hardening the 
varnish made of copal, drying-oil, and turpentine, driers are 
added. To remove from the finished varnish mechanical 
impurities, which are not separated completely by straining 
through cloth, specially constructed filter-presses are used, 
which will be described later. After filtering, the varnish 
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is put in storage, and after standing it becomes clear and 
good. 

From the foregoing exposition it is evident that the var- 
nish film depends on linseed-oil for elasticity and on ccpal 
for its hardness and lustre. The proportion of resin and 
. oil is variable; it depends on the nature of the copal; a 
soft copal will carry only a little oil; many copals will 
separate from a great quantity of linseed-oil. What are 
called “faf' varnishes are those in which the weight of 
the oil is greater than that of the melted resin; medium 
varnishes have about equal parts of these ingredients; and 
“lean” or “brittle” varnishes have less oil than resin. 
These latter should be made of the very hard copals, as 
Zanzibar and amber. By using the best and palest sorts 
of copals pale varnishes are made, but amber makes dark 
varnish. Zanzibar copal is, after melting, a very hard 
resin and unites naturally with half its weight of linseed-oil, 
making a varnish that is both hard and elastic. For 
making varnish to stand weathering the linseed-oil must be 
especially good and properly prepared; it must dry into 
a very elastic fiilm. The greater part of the oleoresinous 
varnishes belong to the middle class, in which the oil and 
resin are in approximately equal proportions; in this group 
are the furniture- varnishes, cabinet- varnishes, floor-var- 
nishes, and the like. The consistence of varnish depends 
largely on the weather; thus, in cold winter weather it may 
be necessary to add more turpentine to secure the necessary 
fluidity. If the latter has been standing long it is liable to 
be very add, and moreover is not infrequently adulterated, 
and its use lessens the lustre of the varnish; very old tur- 
pentine also makes varnish dry more slowly. An addition 
of old spirit of turpentine which is strongly add may, by 
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the action of acetic and formic acids, throw down the driers 
in the varnish. Other faults, of which we cannot now 
speak, may result from the addition of turpentine, especially 
if in large amount. To avoid using extra turpentine, we 
may add to an interior house- varnish either a mixture of 
turpentine and heavy boiled oil (varnish), or the latter 
alone. If the varnish is too fat and of better quality, 
a small addition will have no marked influence on its 
character. 

In the third group, the ^ 4 ean’^ varnishes, the resins 
exceed the linseed-oil. As they contain but little oil, they 
dry quickly. They take up oxygen from the air more 
rapidly than other varnishes; but since these varnishes, 
which include among others the rubbing varnishes and stair 
and floor varnishes, contain but little elastic material, they 
are more brittle and easily wear off; they are not made 
of sufficiently hard copal. The prices of these varnishes 
admit the use only of a middle grade of copal, which is 
not very hard. To help overcome this difficulty amber 
may be used in making the varnish. 

Amber, being a very hard resin, can combine with an 
adequate amount of linseed-oil. Amber, however, makes 
only dark-colored varnishes; for this reason a suitable 
proportion of very pale copal is combined with the amber, 
and in this way the dark color of the latter is diminished. 
A suitable formula is this: melted amber 25 parts, melted 
copal 25, linseed-oil varnish (boiled oil) 50, and spirit of 
turpentine 100 parts. For a cheaper sort of varnish colo- 
phony (rosin) may be substituted for copal, thus: melted 
amber 25, linseed-oil varnish 50, turpentine 100, and pale 
rosin 25 parts; this makes an ^^amber-rosin’’ varnish. 
Another formula is, melted amber 84 parts dissolved in 
7 
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loo parts linseed-oil varnish, to this add i 6 parts clear pale 
rosin; when dissolved, add loo parts spirit of turpentine 
containing 5 per cent of driers. Amber is neutral or in- 
different to pigments, while copal often precipitates. In 
some copal there is free acid, which acts chemically on 
many pigments used with fl(x>r- varnishes anti the like. I'his 
is especially liable to cause trouble when an acifl copal 
varnish is mixed with lead or zinc |)igments, causing tht: 
mixture to thicken and even to become hard. Amber floor- 
varnish, on the other hand, may even be mixed with red 
lead or white zinc without any such effect. Thcs<; things 
must ])c considered in deciding what materials to use in 
oleo-copal varnishes. A formula for carriage-varnish is i 
part by weight of Zanzibar copal, 1 to 1 34 of linseed-oil, and 
3 to 334 of spirit of turpentine. According to English 
practice (Wilson Neil) two kinds of varnish are prepanxi 
and mixed in the proportion of one to tw<j; the first i.s 
made by melting 4 parts of Angola cojial, adding 1234 part.s 
linseed-oil, boiling until the mass will “spin threads,’’ then 
13/4 parts spirit of turpentine. Second, melt t part Zanzi- 
bar, boil with 9 parts oil as before, then thin with ijf a parts 
turpentine. Two parts of this are mixed with one part of 
the first. Another .similar pair of varnishes: 4 parts An- 
gola, 9 parts oil, 'A part zinc sulphate, A imrt litharge; 
the other, 4 parts Zanzibar, 9 parts oil, A part zinc sulphate, 
A part litharge. After cooking thin with 49 parts turjien- 
tine- 

E. Andres proposes for copal varnish: melted copal 
100 parts, volatile copal-oil (from distilling copal) 20 parts, 
spirit of turpentine 300 to 350 parts, linseed-oil 100 pirts. 
For fat varnishes, made by boUing, (rom West-African 
resins, the following proportions are ^ven: copal i, lin- 


OIL-VARNISH AND OLEORESINOUS VARNISH 99 

seed-oil 1.7 to 2, and spirit of turpentine 3 to 3.5 parts; 
for medium varnishes, copal i, linseed-oil 1.3 to 1.5, and 
turpentine 2.3 to 3 parts. The formula for quick-drying 
varnish is, copal i, linseed-oil i to i.i, and turpentine 2.7 
to 2.8 parts. Using lead and manganese boiled oil (var- 
nish), to make a fat varnish, use copal i, oil- varnish 0.7 
to 0.9, turpentine 2.5 parts; medium, copal i, oil- varnish 
0.5 to 0.6, turpentine 2.4 parts; quick-drying, copal i, 
oil-varnish 0.3 to 0.4, turpentine 2.5 parts. 

Using Manila and Borneo copals, and making the var- 
nishes by cooking, as usual, fat varnishes are composed of 
copal 2, linseed-oil 2.25 to 2.50, and turpentine 4 to 4.2 
parts; if the resins are soft less oil is used. Medium var- 
nishes, copal 2, linseed-oil 2, turpentine 4 parts; the quan- 
tity of oil is the same for Manila and Borneo. Quick-dry- 
ing, copal 2, linseed-oil 1.5, turpentine 3.5 parts; extra 
quick-drying, copal 2, linseed-oil i, turpentine 3.25 parts. 
Using manganese and lead oil-varnish, the formulas are, 
for fat varnish, copal 2, oil- varnish 0.7 to 0.75, turpentine 
3 parts; medium varnish, copal 2, oil-varnish 0.6, turpen- 
tine 2.9 parts; quick-drying varnish, copal 2, oil-varnish 
0,4, turpentine 2.5 parts. Using amber as the resin, and 
cooking the varnish as usual, the fat varnish is composed 
of amber 2, oil-varnish 1.9, turpentine 3.9 parts; medium 
varnish, amber 2, oil- varnish 1.5, turpentine 3.7 parts; 
quick-drying varnish, amber 2, oil- varnish i.o, turpentine 
3.0 parts. Using lead and manganese oil- varnish we have 
for fat varnish, amber 2, oil-varnish i.o, turpentine 2.9 
parts; medium varnish, amber 2, oil- varnish 0.7, turpen- 
tine 2.7 parts; quick-drying varnish, amber 2, oil-varnish 
0.4, turpentine 2.5 parts. 

Other formulas for amber varnishes are as follows: amber 


lOO 


VARNISH-MAKING 


50, thick oil- varnish 75, manganese borate 1.75, turpentine 
120 parts; this is a carriage- varnish. A first-quality fur- 
niture-varnish is composed of amber 50, thick oil- varnish 13, 
manganese borate i, turpentine 75 parts; a table- tap (bar) 
varnish, amber 50, pale Manila copal 3.5, thick oil- varnish 
50, manganese borate 0.75, turpentine 160 to 17a parts; 
a floor-varnish, amber 50, thick oil- varnish 4.15, manganese 
borate i, turpentine 75 parts; a varnish for tinware, amber 
50, thick oil-varnish 18, manganese borate 0.75, turpentine 
85 parts. Copal maybe combined with dammar: 4.0 parts 
pale Sierra Leone copal may be melted and dissolved in 
5 parts linseed-oil, and at the same time melt 80 parts 
dammar and dissolve in 5 parts linseed-oil; mix the two 
solutions, and thin with 100 parts turpentine, or as much 
as may be necessary to produce the right consistence. An 
amber varnish for iron is made by dissolving 12 parts of 
melted amber together with 5.12 parts Syrian or German 
asphaltum in 10 parts of thick oil-varnish; to this add r 
part litharge and cook one hour with constant stirring; 
when sufficiently cool, thin with 48 parts of turpentine. 

Rosin-varnish is used only for cheap work. Hardened 
rosin is commonly used; this has lost its sticky character. 
Rosin can be used with but a small proportion of linseed- 
oil; if much oil-varndsh is used with it, it regains its sticky 
nature. When pigments are mixed with rosin-varnish, 
especially lead pigments, the mixture becomes thickened 
and useless. Rosin ester is made from rosin, and this 
combined with copal or amber may be cooked into linseed- 
oil; this is best done in a closed kettle, in an atmosphere of 
carbonic acid or other indiSereiit gas, and with the addition 
of I per cent of peroxide of lead or peroxide of barium or 
an equivalent, at a temperature of 300^ C. (570"^ F.). 
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Varnishes made of rosin and China wood-oil have already 
been described, ' 

3. VESSELS, APPARATUS, AND METHODS POR MELTING COPALS 
AND OTHER RESINS; METHODS OF REMOVING NOXIOUS 
VAPORS; APPARATUS FOR MOVING AND TILTING THE 
VARNISH-KETTLES. 

It has already been set forth that enamelled kettles are 
desirable for melting copal and amber, and that they should 
be provided with easily detached vapor-discharging covers, 
also that fully closed distillation apparatus is in use. The 
melting-kettle may be provided with a vapor-pipe which 
discharges into a condenser, from which the volatile copal- 
oil is collected; closed stills are provided with connections 
for catching the various oils which come over. Oil- var- 
nishes are best made in enamelled iron kettles provided with 
mechanical stirrers. Hard resins, copal, and amber are 
melted in two ways; first, in open or loosely covered ket- 
tles, in which case the volatile parts which are driven off 
are lost; second, by distillation in closed apparatus, by 
which the volatile portions are obtained as a by-product. 
In the first-named apparatus the melted resin is directly 
combined with the drying-oil and the turpentine; the same 
may be done in the still, but with the latter it is also possible 
to put the resin, from which the copal-oil has been driven 
off, in a suitable vessel with the drying-oil and the tur- 
pentine, and by heating to 100® to 130® C. (212® to 266° F.), 
convert the whole into varnish. If the resin is melted 
over the direct fire, it will be found that the organic im- 
purities are carbonized, and the resulting product is dark 
in color; but if superheated steam is used, a much paler 
result is obtained. 
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Apparatus for melting resin is of great variety as to form 
and mounting. They are made of copper, copper and iron, 
cast-iron, and aluminium. As has been already said, when 
oil is boiled in copper kettles verdigris is formed, which dis- 
solves, and gives a green color to the varnish. Also, copal- 



Fig. 9. — ^Andr^s' Apparatus. 


oil attacks copper; cast-iron kettles are comparatively free 
from attack, but their great weight is objectionable. 
Enamelled iron kettles are desirable; but the enamel 
should be very durable. It is not desirable to melt resin 
in too large batches. Portable furnaces of various patterns 
may be used, and on a larger scale furnaces are built in 
place for the purpose. In iron furnaces charcoal is used; 
in others, coal, coke, and gas. When charcoal is used 
there is no soot or smoke. 
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For working on a small scale, E. Andres has designed the 
apparatus shown in Fig. 9, by which the resin may be 
melted and the varnish cooked in one operation. C is a 
tightly-riveted cylinder of sheet-iron, which has a cone- 
shaped bottom, and is supported by several supports in 
the middle of a blast-furnace 0, which is heated with char- 



Fig. 10. — ^Tripier-Deveaux’s Apparatus. 


coal. This cylinder has a cover D, which during the 
operation of melting is luted on with clay. The cone-shaped 
bottom terminates in a tube R, which passes through the 
bottom of the furnace and the ash-pit, and to intercept the 
ashes which may sift through has a conical collar T. With- 
in the cylinder C stands another, J, made of sheet-copper, 
with a conical bottom, the point of which is perforated with 
many small orifices, like the rose of a watering-pot. Little 
strips of sheet metal, which are riveted to J, support it 



Fig. iia. — Zemsch’s Steam-jacketed Melting and Cooking Kettle. 

The melted resin dissolves readily in the varnish made in 
this way, which is of good quality, but dark-colored. The 
copper cylinder is not to be cleaned after the operation; 
the thin layer of melted resin which adheres to it is of 
advantage next time. In this apparatus 8o to loo litres 
(20-25 gals.) of varnish may be made at a time. 

A portable furnace has also been made by Tripier- 
Deveaux (Fig. lo). The melting is done in a copper flask, 
so made that the bottom is one piece, and the flange, where 
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it is joined to the upper part, overlaps the opening in the 
furnace 4 cm., and forms a support for the flask, and keeps 
the flame from going up its sides. The flask should not 
be too deep, or it will be difficult to clean. Twenty-five to 
30 litres (5 to 8 gals.) is a convenient size. There should be 



Fig. 1 1 6. — Zemsch’s Varnish-kettle. 


two of these flasks. One advantage in this furnace is that 
the current of air from the draught-hole and the grate is 
so arranged as to bring the air into the ash-pit, and the 
carbonic acid is not mixed with it but passes off. 

A steam cooking and melting apparatus, in which copal 
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may be melted, has beea constructed by Aug. Zemsch; it 
is shown in Figs, xia and ixb] it is provided with a mechani- 
cal stirrer, and the inner cast- 



Fig. 12. — Heraeus’ Varni.sh- 
kettle and Truck. 


iron kettle is coated with acid- 
proof enamel. The apparatus 
rests on supports and may be 
tilted. 

Copal may also be melted in 
the aluminium apparatus of W. 
C. Heraeus; the advantage of 
using this metal has already 
been explained. In Fig. 12 is 
shown a melting-kettle without 
the cover, with an iron truck; 
Fig. 13 shows the kettle with 
separable bottom and thermome- 


ter-tube, 

and with a wrought-iron carrying- 
ring which has pins to engage in 
the supporting-fork of the truck; 
Fig. 14 is a kettle with copper 
bottom and middle sections, with 
aluminium lining, and with an 
aluminium cover and vapor-pipe. 
The handles on the sides, which 



also support it when on the truck, 
are of iron. 

Andrbs advises that when copal 
varnish is to he made on a large 
scale, the resin should be subjected 
to dry distillation in closed vessels; 
the most suitable temperature is 



Fio. 13. — ^Heraeus* Varnish* 
kettle. 


OIL-VARNISH AND OLEORESINOUS VARNISH I07 

from 340^^ to $60° C. (650° to 680° F.). At a lower tem- 
perature distillation proceeds slowly; at a higlier, the resin 
becomes dark in color. It requires great skill in firing to 
hold the temperature in the kettle at this point without con- 
siderable variation. 

Andres recommends the apparatus shown in Fig. 15 for 



melting copal. It consists of a cylindrical copper still JB, 
set in the brickwork H, heated over a direct fire, and pro- 
vided with an outlet tube A, which must be encased in 
fire-clay. In the top of the still there is an opening O, 
closed with a screw-cap, for introducing the resin. A stirrei 
operated by bevel-gearing from the shaft G, serves to agitat 


io8 


VAENISH-MAXING 


the contents of the retort, from which the pipe D conveys 
the vapors which are given off, to a tin coil in the vessel 
K, which is cooled by water from W. The condensed vola- 
tile oil escapes at C, under which is set a vessel to receive 
it, Andres also suggests the use of a sand-bath or a lead- 
bath to keep the temperature of the retort at the right point, 



Fig. 15. — ^Andr^s’ Gum-meltings Furnace. 


which is 340° to 360° C. (65o°-68o° F-)- Lead melts at 
334° C. (633° F.) ; it is melted, and the fire regulated so that 
the condensed vapor comes off in drops which closely follow 
one another. As soon as the right amount of copal-oil has 
been distilled off the distillation is stopped and the liquefied 
copal is drawn off through the tube A , which may discharge 
it into a drying-oil or a volatile solvent, or else run it into 
a pan to cool, after which it may at any time be used as 
desired. 

Lehmann has designed an apparatus which is safe from 
fire and does not allow offensive vapors to escape; it is 
shown in Fig. 16. It has a copper retort, the lower part of 
which, where the melting occurs, is encased in an iron 
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steam-jacket and heated with highly superheated steam; 
the temperature is determined by a pyrometer. The upper 
part of the apparatus consists of a removable cover, which 
can be fastened down air-tight. In this are two capped 
openings through which the contents may be stirred, the 
melting process observed, and proof-samples taken. From 



Fig. 16. — Lehmann’s Superheated Steam Varnish Apparatus. 


the top a pipe, which is in part a Liebig’s condenser, conveys 
the vapor to a condenser, in which the cop^l-oil is con- 
densed and from which it may be drawn off, while the 
gases which do not condense are taken off by a pipe and 
burned in the steam-superheater. Under the retort is 
the mixing- tank, which is heated by the exhaust steam to 
120° to 150° C. (250° to 300° F.), and which contains the 
prepared linseed-oil necessary for the solution of the melted 
resin. When fully melted the resin is run down into this 
oil, which has already been heated, and is combined with 
it. The spirit of turpentine is not added until the oleo- 
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resinous mixture has been taken to another room and 
partially cooled. As soon as the retort is empty, a new 
charge of copal is run in, and another portion of prepared 
oil is put in a second mixing-tank, so that the melting goes 
on almost continually. From time to time the retort is 

boiled out with soda-lye and 
washed clean. Lehmann’s su- 
perheated steam oil-boiling plant 
has already been described. 
Since in varnish-making the 
preparation of the oil-varnish 
and the melting of copal follow, 
one the other, so a single steam- 
superheater may be used for 
both and the steam used first 
for one and then the other, and 
the exhaust steam may all be 
used in a preliminary heating 
of the oil. 

H. C. Sommer is the designer of the so-called German 
melting-kettle, shown in Fig. 17. It consists of a body 
to which a bottom is bolted on, so that the bottom, which 
has the most wear, can be replaced without renewing 
the body of the kettle. The kettle is provided with 
trunnions, by which it may be connected to the varnish- 
truck; the latter is better suited for picking up and setting 
the kettle than for drawing it about. The body of the 
kettle is of sheet-iron, enamelled or merely polished, and 
the bottom is cast-iron, enamelled. The pipe for carrying 
off the vapor is of galvanized iron. The arrangement of 
a modern melting-plant chimney”) is shown in Fig. 19. 
There are three general methods for disposing of the 



Fig. 17. — Sommer’s 
Varnish-kettle, 
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obnoxious vapors generated in this work: the first consists 
in passing them into a tall chimney, so that they may be 
carried away and so diluted with a large amount of air 
as to be less objectionable; the second is to destroy them 
in a specially constructed furnace, but this is expensive 
and there are, moreover, some risks of explosions, besides 
which the gases are not all combustible; the most success- 



ful way is to cool the vapors and condense them as much 
as possible or absorb them, so as to destroy their objection- 
able qualities. This is effected with water, either pure or 
a solution of some kind. The common objection to this 
method is that the apparatus requires considerable space, 
and where mechanical exhaust is employed the cost is 
somewhat high. 

H. C. Sommer has constructed, without exhaust, a 
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condensing and absorbing apparatus, which occupies but 
little room and is efficient; it is shown in Fig. 20; in this 
the spray of the jets of water used in cooling produces 
enough draught. 

The apparatus for condensing the vapor consists of a 
set of small chambers or receptacles, or a system of suction- 
pipes so constructed that the vapor is drawn through a 
closed system of piping, in which patented jets are placed 



Fig. 19. — German “Varnish-chimney.” 


for spraying water or other liquid under pressure, which 
is projected into the enclosed space in cone-shaped jets 
of fine spray. In this way the gas is thoroughly inter- 
mingled with the liquid, so that it is entrained and con- 
densed, or is dissolved by a solvent or absorbed. The 
extent of the condensing-system and the numbers of jets 
depend on the readiness with which the gas is absorbed; 
the jets are so arranged that the vapor which escapes one 
passes on to another, being impelled by the force of the 
escaping spray. The water is drawn off, and may be used 
over again, using for this purpose a pump which draws 
off the water or solvent and forces it again through the 
jets. After condensing or absorbing these ill-smeUmg 
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vapors, they must be neutralized or otherwise treated to 
make them suitable for further use. 

Of undoubted value for every varnish factory is an 
apparatus for raising and tilting the varnish-kettle, which 
is made by T. George Weber, in Dresden. Kettles pro- 
vided with trunnions, both large and small, may by this 
be raised to any height not exceeding metres (4 feet). 
Not only can it be used for this, but it is quite suitable for 



Fig. 20. — Condenser. 


loading or unloading heavy weights, such as casks, baskets, 
etc., on or off wagons. 

The construction of this machine can be easily under- 
stood from Figs. 21, 22, and 23. Its chief merit is that by 
its aid the varnish may be poured off in a slow, quiet, 
secure manner, which can be regulated so as to flow by 
drops, and the residue is retained in the kettle, giving a 
clearer varnish than would otherwise be obtained. The 
operation of the machine is as follows; The kettle is placed 
on the platform, the adjustable arms are attached by their 
terminal hooks to the trunnions of the kettle, and by tum- 
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ing the winch the kettle is raised to a height corresponding 
to that of the cask or tank into which it is to be emptied. 
During this part of the operation the hook-carrying arms 
shorten by their parts sliding on each other; but now the 





Fig. 21 . — Weber's Elevator, First Position. 

four little hand-wheels are turned, which clamp the arms 
and make them stiff ; and next, the bolt which locks the 
tilting platform is loosed, allowing the platform, which 
carries the kettle, to tilt. By further turning the winch 
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the upper part of the kettle inclines outward slowly and 
steadily, and the varnish which it contains is poured of! 
gradually and gently without disturbing the sediment, 
d'he kettle can also be emptied almost instantaneously by 



Fig. 32 . — Wflier’s Elevator, Intermediate Posiition. 


turning the crank; the kettle, because of the cylinders in the 
platform, slides until it reaches the rim in front, which, a.s 
soon as the kettle begins to be inverted, acts as a stop and 
prevents it from slipping downward. A cogwheel with a 
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catch enables the ciperator to let go of the -winch and hold 
the kettle at any desired height . and inclination. When 
the kettle is emptied, by loosening the catch and reversing 
the -winch, it comes back to its former position, and rests 




Fig. 23. — Weber's Elevator, Final Position. 


easily on the pivoted platform. By locking it with the 
bolt which was loosened before, the platform is made fast ; 
then the hand wheels are loosened, and when the winch 
is now turned the arms draw out and the platform -with the 
kettle is lowered. The safety-pins which hold the hooks 




; ■ 
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can now be withdrawn, and the kettle stands free, ready 
for removal. 

By suitable adjustment of the arms, kettles of various 
sizes may be attached to the hooks. The platform slides 
on four interior rollers, which lessen the friction. Two 
wire ropes, passing over pulleys at the top of the machine, 
enable the height to be regulated at will, and a counter- 
weight which balances the platform diminishes the labor. 


CHAPTER VI 


TURPENTINE AND BENZINE VARNISHES 

I. TURPENriNE VARNISHES 

These are made by dissolving resins in oil of turpentine^ 
without the addition of any £xed drying-oil. Thus, for 
example, sandarac varnish is made by dissolving sandarac 
(with additions of mastic, pale rosin, and Venice turpen- 
tine) in oil of turpentine; dammar varnish by dissolving 
dammar (usually with some Venice turpentine) in the same 
liquid; mastic varnish is a similar solution of mastic, with 
Venice turpentine, camphor, elemi, etc. ; asphaltnm varnish 
is a turpentine solution of Syrian or American asphaltum 
(or coal-tar pitch) with or without the addition of rosin or 
melted amber. For making copal- turpentine varnishes, 
L. E. Andes has found that a solution of alcohol in tur- 
pentine is the most suitable solvent for various copals, 
such as ManOa, Borneo, Sierra Leone, and Benguela, which 
may thus he made into turpentine varnishes. 

Dammar varnish, which is esteemed because of its being 
colorless, is considerably inferior in hardness and durability 
to copal; the latter has a higher market value than dammar, 
and a mixture of it in copal varnish must be regarded as an 
adulteration; but dammar is clearer and more transparent 
than mastic varnish, which is often used as a picture varnish. 

Varnishes made in this way are beautiful coatings. If 
mixed with other varnishes the fdms take longer to harden. 
While turpentine varnishes are slower to dry than alcohol 
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varnishes, they are, on the other hand, less brittle. In 
practice they are mixed so as to combine their good qual- 
ities; but also spirit varnishes are made of soft copals, to 
make them less brittle. On account of the high price of 
turpentine it is often mixed with coal-tar naphtha and 
beirzine, and the solutions of resins thus made are thinned 
with spirit of turpentine. 

As turpentine vapor is injurious to the health, it is neces- 
sary in factories where it is used to provide an abundant 
supply of fresh air to the rooms where it is used by the 
workmen. 

t 2. BENZENE VARNISHES 

Besides turpentine solutions, resins may be dissolved in 
benzole or coal-tar naphtha, and in benzine or petroleum 
ether. 

Black pitch, soft copals, asphaltum, dammar, mastic, and 
the like, are in general easily soluble in benzole or other 
light, volatile coal-tar distillates; asphaltum in particular 
is easily soluble in these solvents. Benzole is therefore 
used in making valuable metal lacquers which have as- 
phaltum for a base; also in varnishes like cheap leather 
lacquer, which contain black pitch dissolved in coal-tar 
naphtha. Often it seems desirable to use these solvents in 
such a way as to make a thickly fluid solution of the 
resinous matter, which may then be thinned with spirit 
of turpentine, 90-per-cent alcohol, etc., thus appreciably 
diminishing the time which would otherwise be necessary 
in making these varnishes. 

Benzole varnish, which when applied to smooth surfaces 
forms films which are quick-drying and lustrous, not in- 
clined to scale off, durable and of good covering quality, 
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may be madej for example, ia this way: In a steam- 
jacketed kettle, properly fitted up, 50 parts by weight of 
90-per-cent benzole is placed, with 20 parts of coarsely 
powdered colophony (rosin), which dissolves by stirring. 
To this, with constant agitation, 45 parts of coarsely pow- 
dered coal-tar pitch is gradually added, and the temperature 
raised to 50'' or 60"" C. (120'' to 140^ F.). An hour's agita- 
tion causes solution; after which, to stop the evaporation of 
the solvent, cold water is introduced into the steam-jacket, 
and the solution reduced to the ordinary temperature. 

To clarify this solution it is siphoned off into a deep 
closed tank, from which it may be drawn by a stopcock. 
The residue which settles out is suitable for making 
briquettes. 

3. ASPHALTUM VARNISH 

As has been said in the preceding section, asphaltum 
varnish may be made by dissolving asphaltum in benzine; 
spirit of turpentine may also be used in place of benzine. 

A lacquer suitable for metals like brass, bronze, etc., is 
made by dissolving 10 parts of asphaltum in loo parts of 
benzine; a black baking varnish for iron articles, forming 
a lustrous black covering, contains 50 or 6a parts asphaltum 
to 100 parts benzine. This forms a thin film which will 
receive a firm polish when rubbed. Petroleum-asphaltums 
rendered fluid by heat may, by adding spirit of turpentine 
or benzine with siccative, be made into varnish of good 
quality as regards application; the addition of driers is 
necessary, as without them the coating will remain soft and 
sticky. Asphalt varnish made with turpentine mbces 
especially well with linseed-oil boiled to a varnish. It is 
not unnsuaJ to make up an asphaltum varnish with linseed- 
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oil varnish and afterward thin it with turpentine and ben- 
zole. Thus, for example, is made a leather varnish, melting 
together asphaltum, coal-tar pitch, colophony, wax, and 
paraffine, and adding linseed-oil varnish and Paris blue 
(Prussian blue precipitated with alumina); after cooling 
this is thinned with turpentine and benzole. The 
leather is first blackened with tannin and vitriol and then 
a thin layer of this varnish is spread on it. 

4. CAOUTCHOUC VARNISH 

It is to be observed that caoutchouc-oil is but a little 
superior to oil of turpentine in regard to its solvent power; 
and therefore the latter, which is less expensive, is more 
generally used, as is also benzole. The most approved 
method is to cut the caoutchouc into small pieces, which 
are well dried, and then put into carbon bisulphide, which 
causes them to swell greatly and partially dissolve; the 
solution is drained off, and benzole is added to the residue 
in successive portions; the solutions thus obtained are 
added to the carbon-bisulphide solution. 

To make varnish of hardened caoutchouc, it is broken 
in small pieces and melted, the melted mass poured out 
on a piece of sheet metal, and when cold broken into frag- 
ments. These are dissolved in a mixture of equal parts 
of rectified oil of turpentine and benzole. 

The solution of caoutchouc by itself in benzole or carbon 
bisulphide dries so quickly that it :s difficult to apply it as 
a uniform film. A varnish made by the process last de- 
scribed, with benzole and turpentine, or one made of a 
mixture of caoutchouc solution and a copal lacquer, dries 
somewhat more slowly, and appears to be more practicable. 
In making these solutions the fact should not be forgotten 
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that the vapor of carbon bisulphide is dangerous to the 
health of the workman. 

It mustj nevertheless, be admitted that the varnish as 
commonly made by the ipethods which have been described 
are unsatisfactory; and this has occasioned the working 
out of a new process with caoutchouc and colophony. The 
caoutchouc is first dried in a drying-closet at 70^ to 80° C. 
(160^ to 1 75^ F.), until it ceases to lose weight, or nearly so; 
at the same time some colophony is dried by melting it. 
The dry raw materials are melted at as low a temperature 
as is practicable; to the melted mass some white zinc or 
other inorganic pigment is added, and the mixture is 
thinned, not with copal lacquer, but with a colophony 
varnish made by dissolving 50 parts of thoroughly dry 
colophony in 40 parts of absolute alcohol and 40 parts of 
benzine. With this a mixture of syrupy consistence is 
made, which is ground through a paint-mill, to make a 
imiform product, which is thinned to the desired consistence 
with more of the rosin varnish. 

The varnish prepared by this method is practically 
water- and acid-proof. 

To make a compound varnish of caoutchouc or gutta- 
percha with Chinese varnish, pure caoutchouc is melted 
in a steam-jacketed kettle, and when the thickly-fluld 
mass has partly cooled the crude Chinese varnish is added 
gradually, in quantity varying from twice to twenty times 
the amoimt of the caoutchouc. When thoroughly mixed 
this makes a varnish, ready for use, giving a film of great 
elasticity. Instead of pure caoutchouc, gutta-percha may 
be used for this purpose; also vulcanized caoutchouc or 
vulcanized gutta-percha, containing to 10 per cent of 
sulphur. 






CHAPTER VII 

ALCOHOLIC AND OTHER VOLATILE AND NON- 
VOLATILE VARNISHES 

I. SPIRIT VARNISH 

For making ordinary spirit varnish a portable cast-iron 
enamelled kettle is suitable; it should be set at such a height 
that it can easily be stirred with a paddle-shaped stirrer 
about a metre (40 inches) long, with a blade 6 cm. (2^ 
inches) broad, and a shaft 3 to 4 cm. (i}i to inches) in 
diameter. The resin is first broken up and put in the 
kettle, then covered with 95-per-cent denatured alcohol; 
this should stand 5 to 8 cm, (2 to 3 inches) above the resin. 
With the stirrer the contents of the kettle are continually 
turned over, so as to bring the resin from the bottom to the 
top; by energetic stirring solution will, in most instances, 
be secured; if the little pieces of resin tend to gather into 
sticky lumps, these must be rubbed against the wall of the 
kettle with the stirrer. It is sometimes desirable to mix 
powdered glass or sand with the powdered resin; this 
prevents its forming adhesive masses. When the solution 
is accomplished, if it is desired to make the varnish more 
elastic by the addition of galipot, elemi, or the like, these 
substances may be made fluid by heat and added to the 
solution. The remainder of the solvent may then be 
added, the whole energetically stirred, and then a cover 
is placed on the kettle. 

After standing about a day the varnish will have settled, 
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and may then be strained through a fine cloth and filtered, 
usually through a bag-filter. 

Various sorts of apparatus have been construrf ed for 
making spirit varnishes; one, a double keffle which nia_\’ 
be used with heat, by A. Zemseh, is to be recumniended ; 
also one for making varnish with absolute alcohol, by A. 



Wilrth. The firat-mentioncd (Fig. 24) consist.s of a Htovr 
surrounding an ordinary rough cast-iron kettle, within whi* h 
an enamelled kettle is mounted. The rontents of the lat 
ter arc heated in a water-bath, which pn-vents the resin 
from burning on the bottom. A stirring-apparatus rauM'** 
solution to take place quickly. The nmtssary outfit in 
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dudes a water-gauge, inlet and exhaust steam pipes, and a 
drain-cock. With a gas-heater the portable stove may be 
made of sheet metal. 

The apparatus of A. Wiirth (Fig. 25) is distinguished 
by its provision for bringing the hot vapor of absolute 
alcohol into contact with the resin and thereby dissolving 
it. One part of the apparatus consists of a boiler for 
making the alcoholic vapor, and the other part is arranged 



Fig. 25. — Wiirth's Apparatus. 


for the solution of the resin. The copper kettle A (or 
better, an enamelled iron kettle) is fixed in a water-bath 
and filled from the reservoir aa. The cylinder B is made 
of iron plate and enamelled within, contains several per- 
forated shelves to hold the resin, and has an outlet-cock 
which also provides for circulation of the vapor. The 
vapor is generated in A, passes through the connecting 
pipe m to the cylinder JB, then through the layers of resin; 
as it dissolves the latter it condenses and as it passes down 
from one layer to another the solution becomes stronger, 
and at last is allowed to run off through the outlet cock bb. 
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This last is corinected with, a condenser to recover any 
vapor which would escape, and to cool the solution. For 
making 300 kg. (75 gals.) of varnish the cylinder should 
be 1.6 metres (5 ft.) high and 0.8 m. (32 inches) in diameter. 
The value of a varnish depends on its naaking a film which 
combines a certain degree of toughness and elasticity with 
a fine lustre. The use to which a varnish is to be put must 
always be considered in making it. 

For example, varnish for leather must be flexible and 
soft; for photographic purposes it must he hard, with a 
certain elasticity; and metal lacquer must be as hard as 
possible and usually have a smooth, lustrous surface. A 
high degree of hardness is always associated with brittle- 
ness. The hard resins, such as hard copal, amber, and 
shellac, make hard and lustrous but also brittle varnishes; 
spirit varnishes made of these resins lack durability; they 
soon show cracks and in time fall to powder. 

Before beginning to make a varnish it is necessary to 
select the resins; either such as make a hard and brittle 
film, or a softer resin, or by the addition of the latter to 
impart a degree of toughness to such as are too brittle. 
Especially suitable for giving toughness and flexibility 
are natural turpentine, galipot, elemi, sandarac, and 
mastic. In many cases it is customary to add to the 
concentrated ,solution of resin some castor-oil or copaiha 
balsam; for example, to certain varnishes of acaroid resin 
it is usual to add a soft resin or turpentine, to lessen its 
tendency to chip or peel off. So also for photographic 
varnishes, Venice turpentine and castor-oil are added, 
together with camphor, for the like purpose; and if a 
finished varnish proves to be too hard and brittle for 
a given use, it may be softened m the same way; or 
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if too soft, some hard copal, or shellac, or amber is added 
to it. 

It should, however, be understood that in general it is 
not to be expected that spirit varnishes will show great 
durability. The elasticity imparted by soft resins lasts 
only as long as the ethereal oil which they contain; and 
when this volatile oil evaporates the film loses the toughness 
which was in this way imparted to it. 

In practice it is usual to keep in stock solutions of resins 
and make mixtures as required. For example, a solution 
may contain i part of ruby shellac and 2 parts of go-per- 
cent alcohol. If not wanted at once it is not necessary 
to filter it, since by standing a few weeks it will clear itself 
by settling, and the clear liquid may be drawn off as re- 
quired. 

For ordinary polishing varnish for tables this solution 
may be thinned with an equal volume of alcohol, thus 
making a i : 4 solution. 

For bookbinder’s varnish shellac may be used, either 
with alcohol and oil of turpentine alone, or in combination 
with dragon’s-blood, gamboge, sandarac, and Venice tur- 
pentine, equal parts, dissolved in alcohol. 

For gold lacquer it is necessary to have, in particular, 
solutions of dragon’s-blood and of gamboge; if the lacquer 
is to be of a reddish tint, or warm gold color, it will contain 
more dragon’s-blood, but if it is to be of a clear pale 
gold color, the proportion of gamboge is increased. In 
determining the amount of coloring-matter to use, 
samples may be applied to tin-plate, on which the color 
will appear as the lacquer dries; by testing in this way, 
adding one or the other color, the desired tone may be 
secured. 
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If various resin solutions have been prepared in the 
manner described, it is often possible to prepare a desired 
varnish quickly. Thus, suppose it is desired to make so- 
called Chinese gold lacquer; a varnish is on hand made 
by melting together soft copal and shellac, the melted mass 
cooled and pulverized, then cooked with thickened linseed- 
oil varnish, and on cooling thinned with oil of turpentine. 
This may gain the desired gold color by the addition of 
solutions of dragon’s-blood and gamboge in the manner 
already described. 

Shellac spirit varnish (polishing varnish) is made from 
orange or ruby shellac lo parts, Venice turpentine 3 parts, 
alcohol 36 parts; for pale varnish orange shellac is used, 
for dark, ruby shellac; for white polishing varnish bleached 
shellac is necessary. 

Bookbinder’s varnish is made with orange, ruby, and 
bleached shellac. Ordinary and dark lacquer consists of 
shellac 10 parts, Venice turpentine 3 to 4, and alcohol 36; 
for colorless varnish, shellac ix, Venice turpentine 3, and 
alcohol 40. Instead of Venice turpentine, oil of turpentine 
may be used; for example, shellac 10 parts, oil of turpentine 
I part, alcohol 30 parts. 

For floor varnish, thick turpentine or galipot may be 
used in place of Venice turpentine; or it may be made of 
colophony and oil of turpentine. 

Leather varnish may be made as follows: 


{a) Colophony 30 parts 

Turpentine 30 “ 

Oil of turpentine 30 “ 

Sandarac 60 

Shellac 120 “ 

Alcohol (90 per cent) 900 
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The filtered solution is colored with 15 parts of fine lamp- 
black which has been mixed with some alcohol. Also to 
these ingredients 60 parts copal may be added if desired. 
The black varnish thus made withstands the flexibility of 
the leather. 


(6) Alcohol (90 per cent) 600 parts 

Logwood extract 20 " 

Bichromate of potash 4 '' 

Indigo carmine 3 “ 

(Natural) turpentine 200 " 

Shellac 40 


The extract is dissolved in the alcohol and the bichro- 
mate, dissolved in water, added to it. In the resulting 
black solution the turpentine and the shellac are dissolved; 
finally the indigo carmine is added, which gives the black 
varnish a blue tint. 

For many purposes, e.g.^ for lacquer for engravings, for 
transparent metal-lacquer, photographic varnishes, etc., 
bleached shellac is necessary. The following formulas are 
in use: 


{ a ) Lacquer for Engravings 

Bleached shellac 

Sandarac 

Mastic 

Camphor 

Alcohol 


10 parts 
10 “ 

4 “ 

4 " 

160 


ib ) Metal Lacquer 


Bleached shellac 

Sandarac. 

Mastic 

Amber 

Alcohol 


10 parts 
10 '' 


5 

5 

100 


it 


n 


{c) 


For photographic varnish the following is suitable: 


Bleached shellac . 

Mastic 

Oil of turpentine 

Alcohol 

9 


5 parts 
I part 
I ‘‘ 

30 parts 
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In making varnish of acaroid resin, the resin, red or 
yellow, is pulverized, and dissolved in alcohol on a sand- 
bath or a water-bath. The residue, considerable in amount 
(especially with red resin), is repeatedly washed with 
alcohol, and these washings added to the solution. A 
common formula calls for lo parts of resin with ii parts 
of alcohol, in which a suitable proportion (about 20 per 
cent) of soft resin, such as rosin or Venice turpentine, is 
dissolved; this makes a serviceable varnish. The latter 


ingredients are to prevent the varnish from flaking off; 
copaiba balsam or castor-oil may be used for the same 
purpose. If a harder varnish is desired, some shellac is 
added. 

Sandarac and mastic varnishes are made as follows: 
Elastic Varnishes: 

(a) Sandarac 50 parts 

Venice turpentine 7.5 “ 

Alcohol 150 '' 

(b) Sandarac 20 parts 

Mastic 10 

Rosin 10 

Camphor 2 “ 

Alcohol 120 “ 

White Varnish Suitable for Bookbinders: 

(c) Sandarac 6 parts 

Mastic 3 “ 

Elemi 3 ** 

Alcohol 150 “ 

(d) Sandarac 25 parts 

Venice turpentine 15 ** 

Alcohol 100 “ 

For Use as a Paper Varnish: 

(e) Sandarac 50 parts 

' Thick turpentine 30 “ 

Alcohol 150 ** 
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For making spirit copal varnishes only such copals can 
be used as will readily dissolve to a clear solution, free from 
slimy or stringy qualities. Manila and Borneo copals are 
used, the soft Angola and the newer Sierra Leone. 

These varnishes may be made by such formulas as the 
following: 

(a) Manila copal 16 parts 

Venice turpentine 4 to 5 

Alcohol (95 per cent) 30 


(b) Borneo copal 

Elemi 

Alcohol 


II parts 
4 “ 


(c) Sierra Leone copal 10 parts 

Venice turpentine 3 “ 

Alcohol 10 “ 


Rosin varnishes, which can be used on common work, 
are made from American rosin: 


(a) White rosin 22 parts 

Venice turpentine 4 “ 

Alcohol (95 per cent) 15 


(b) Pale rosin 23 parts 

Venice turpentine 4 

Alcohol 16 


(c) Dark rosin 22 parts 

Thick turpentine 4 " 

Alcohol (95 per cent) 14 


(d) Rosin 

Thick turpentine 
Oil of turpentine , 
Alcohol 


22 parts 


4 

4 

12 


2. VARIOUS NEW VARNISHES, VOLATILE AND NON-VOLATILE 

Although the matt (or flat) varnishes have been described 
several times, e.g., under the subject of monochlorbenzole, 
it will be in place to give here some further particulars 
regarding them. 
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Volatile matt laaiuers are usually ether solutions 
resins; tliey may be made by mixing resin solutions 
such volatile solvents as will not l.)y themselves di^Sf: 
the resins. So, for example, wa: may make a sohiliou 
sandara<‘ in ether, mix it with a fcairtli its voliiinr 
l.)en/a)le, and thus have a lacaiiier wliieli will form a t 
like grouml glass. If a solution of dammar in beii/olr 
mixed with ether, it inaki*s a good matt \'arnis!i. 
making these it is important to know the sciliiliility of rr> 
in various volatile solvents^ oil of tiirpriifine ;i 

alcohol or benzoh* and ah"ohol; wax ami reiuied aspli 
are also of use; likewise mixtures of .solutionis tif ac'ar 
resins with spirib'Soluble Manila rc-sin; and inixtiires 
varnish with linely [lowclered slarch, or with fiil!t*r s-ear 
gyf>sunn and other mSm^ral siil>slama*s. 

In making oleoresinous flat, ting varnish, wax issniiiciin 
added; it may la* <!isHolve«h cold, in oil «if tiirpriilinr 
a thick solution, and this may be arhlerl gratiiially to I 
varnish, diinrse vvocxhoil is used in makiiig very fi 
flatting varnishes, which must mil be liralrd mi 
to cause the* loss of this ejuality. 

A malt varnish may lie iniick as hilkiws: 

Bksictei Hlteinte ... .... |i4rf^- 

Cayccriiie ...... ... .. m* 

r4ili|Kif ... ........... .i«i ' ■ 

..... , . . . . ........ jiwi " 

Killer . .... iwi '' 

A photographic ground-glass suhstitutr may !«• mai 
hy dissolving at 40® C. (104 F.) 4 parts of dammar in . 
parts of toluol in a water bath; with this is inixt'd, ! 
shaking, a solution of sandarac in ether (f»rt)j>ortbn to ; jc 
and finally arid a very little absolute alcohol. 
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Hugue makes a colorless matt varnish by dissolving 4.0 
parts of sandarac in 500 of ether, and adding ro parts of 
Canada balsam. 

Chlorhydrin has been used for a considerable time in 
making lacquers. Dichlorhydrin dissolves kauri and some 
other copals in the cold, if they are broken into small pieces 
and well dried. Thus, r part of kauri, prepared as just 
directed, may be mixed with i part of dichlorhydrin, 
allowed to stand for a time, then i part of strong alcohol 
is added, and finall}” the whole is warmed until complete 
solution takes place. If now to this 10 to 15 per cent of 
linoleic acid or castor-oil is added, a varnish is obtained 
which is paler than the oleoresinous varnish made in the 
ordinary way. Spread on the natural surface of wood 
which has not been treated with a fiiller, it forms a quick- 
drying film which can be rubbed and polished with linseed- 
oil. 

H. Flemming, who first investigated the solvent powers 
of chlorhydrin for resins, found that the various nitro- 
cellnloses were easily soluble in dichlorhydrin and especially 
in epichlorhydrin. They are also serviceable for nitro- 
cellulose compounds, such as celluloid. 

Celluloid, as has already been said, may be made into 
varnish by dissolving it in alcohol and ether, acetone and 
amyl acetate. These solvents are very inflammable, and 
are moreover objectionable from their strong odor. These 
disadvantages are not found with chlorhydrin; its boiling- 
point is high enough so that there is little danger of its 
taking fire, and it has no objectionable odor. Ni trocellulose 
is extremely soluble in it, forming clear solutions in epichlor- 
hydrin in any proportion desired. A 20-per-cent solution 
is so thick that it must he thinned to make a varnish- 
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Chlorhydrin can be used as a substitute for amyl acetate 
in zapon and dipping lacquers. 

Among other volatile lacquers the ethereal solutions of 
dammar and copal are important. The former is made by 
dissolving thoroughly dry dammar in ether, with or without 
the addition of camphor; this is not very durable, but may 
be mixed with almost any spirit, oil, or ether varnish, and 
these are suitable for white wood, for paintings, maps, and 
the like. 

There are many ways of making lacquers for bronze 
powder. Solutions of resins may be made in carbon 
tetrachloride, or with that and alcohol, which are then 
freed from acid by treatment with alkali, after which the 
bronze powder may be mixed with the varnish; another 
way is to dissolve gutta-percha in benzole and filter it, and 
add the bronze powder; and Stroschein has patented a 
process of melting dammar with a carbonate of an alkali for 
three days and then the product is held for a month at a 
temperature of 50*^ C. (120® F.), after which it is dissolved 
in petroleum ether. 

According to Kayser, powdered dammar is mixed with 
calcined soda and then melted; the cooled mixture is 
dissolved in benzine. 

Stockmeier's method is to dissolve dammar or a similar 
resin in petroleum benzine and then add its volume of 
lo-per-cent ammonia-water. After vigorous shaking for a 
minute it is allowed to stand and settle, when it separates 
into two parts, the lower layer being an ammonia solution 
containing the free acids of the resin. The benzine solution 
is siphoned off, and the operation repeated. In this way 
an acid-free solution of the resin is obtained. The objection 
to the use of such a solution as this as a metal lacquer or 
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for a vehicle for bronze paint is that dammar, according to 
And^s, does not make a durable varnish. For this reason 
preference is given to acid-free varnishes made from shellac, 
sandarac, Manila copal, and other similar resins. 

As most solvents for resins are highly inflammable, the 
more recent practice is to make varnishes with carbon 
tetrachloride, which is non-inflammable and non-explosive. 

Shellac dissolves in a mixture of 70 parts by weight of 
carbon tetrachloride and 30 parts of 95-per-cent alcohol, to 
the extent of 25 per cent; sandarac and mastic are soluble 
in 90 to 80 parts (by weight) of tetrachloride and 10 to 20 
parts of alcohol; if more than 95 per cent alcohol is em- 
ployed, shellac will dissolve more freely, and other insoluble 
resins, as dammar, dissolve as much as is wished. By vary- 
ing the proportion of tetrachloride the solvent power of 
the solution may be varied, and thus, according to L. E. 
Andes, two sorts of lacquer may be prepared: the one to 
be brushed on, which has good flowing quality and is trans- 
parent; the other a dipping, or pouring, varnish, which, 
because of the great fluidity of the tetrachloride, does not 
need to be brushed out, but by dipping forms satisfactory 
and lustrous films. Andes says that oleoresinous varnishes 
may be made with tetrachloride of carbon, and those which 
contain only 10 per cent rapidly become clear and have 
proper transparence, and flow and work well with the 
brush; and by adding more, good dipping varnishes may 
be made in this way. 

It has already been said that by the use of terpineol, 
amber and various resins of the copal group may be dis- 
solved. 

A. Tixier and L. Rambaud have patented a process for 
using terpineol for making lacquers from resins. The 
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distinguishing feature of this is that terpineol, or a product 
made by the action of acids on terpineol, is used as a solvent 
for resins along with the more common material, such as 
oil of turpentine, benzine, alcohol, fixed oils, etc. For 
example, they make an alcoholic Manila varnish from 
Manila copal 20 kg., terpineol 10 kg., alcohol (95 per cent) 
20 kg. ; also a turpentine Manila varnish with Manila resin 
20 kg., terpineol 9 kg., and oil of turpentine 25 kg. 

If copal is digested with terpineol ether at the ordinary 
temperature or warmed, after a time it becomes soluble 
in its own weight of alcohol. The insoluble residue is 
dissolved in the alcohol. A kauri and oil-varnish may be 
made thus: 

Kauri 

Terpineol 

Linoleic acid .... 

Boiled linseed-oil 
Oil of turpentine 

The copal is first dissolved either in pure terpineol or in 
equal parts of it and turpentine. Then the linoleic acid is 
added gradually, and then while the boiled oil is being 
added the mixture is vigorously and constantly stirred, 
in order that none of the resin may be precipitated. After 
this the rest of the turpentine is put in. If refractory 
resins are to be employed, they must be finely powdered 
and the temperature of solution will be from 250"^ to 300® C. 
(480® to 570° F.). This requires the use of an autoclave, 
and the later additions of the other ingredients must be 
effected in this apparatus; after thinning with oil of tur- 
pentine the contents may be taken out. 


17 kilogrammes 

18 

9 

n 

.... 
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CHAPTER VIII 

THE COLORING, BLEACHING, AND FILTERING 
OF LACQUERS AND VARNISHES 

I. COLORS 

The coloring of spirit varnishes is usually accomplished 
by the addition, to the prepared varnish, of a definite 
amount of a colored solution. The latter, which, as a 
rule, is a solution in alcohol, benzole, etc., must be quite 
clear and concentrated. As with many coloring-matters 
it is necessary to add a considerable quantity to obtain 
the desired depth of color; care is necessary to have the 
varnish of thick consistence, or it may be made too thin by 
the color solution. 

Aniline colors and azo-dyes may be had in all tones and 
shades, soluble in alcohol and suitable for the purpose, and 
these may be prepared in such a concentrated form that 
they do not thin the varnish to an objectionable extent. 
Black leather- varnish is colored with aniline black, or with 
logwood extract and bichromate of potash. For cheaper 
varnish black pitch is used. Gold lacquer for leather is 
made with a concentrated solution of diamond-fuchsine 
in alcohol, of which enough is added, to a solution of 2 
parts of bleached shellac in 3 parts of strong alcohol, 
to give it a deep red color. This will form a film on the 
surface of the leather which, when dry, has a golden color 
and* lustre. The best quality of lampblack is also used as 
a black color for leather varnish. It must be of a fine, pure 
black color and readily mix with alcohol and fixed oils. 
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Black varnishes for metals are usually made with asphalt- 
urn; the addition of black coloring matters is not necessary, 
although lampblack or vine-black is sometimes mixed with 
them. Ozokerite also makes an adherent and black film 
on iron; and by cooking lo parts of oil of turpentine with 
I part of sulphur a lacquer is obtained which on bright 
metal appears dark brown, but after baking is of a deep 
black and lustrous. For making so-called gold lacquers, 
dragon’s blood and gamboge are used, as has already been 
described. Picric acid is also used; to a solution of 
bleached shellac in strong alcohol, enough picric acid solu- 
tion is added to make a gold-yellow film. In this lacquer 
about I per cent of crystallized boric acid is dissolved. 

For yellow, red, and brown lacquers for wood various 
grades of shellac-varnish are used, colored with suitable 
dyes. 

2. BLEACHING VARNISH 

For many technical purposes it is desirable to have color- 
less varnishes and lacquers. Although the palest and 
clearest resins are used in making varnishes, the products 
are of a more or less strongly yellow color. To remove 
this, the varnish should before filtering be for a long time 
digested with freshly burned bone-black, at a gentle heat. 
As used for such purposes, bone-black is in grains, opaque, 
deep black in color, and its bleaching effect is due to very 
finely divided carbon which it contains. For this purpose 
lo kg. of bone-black is mixed with 7 kg. of commercial 
hydrochloric acid in a capacious vessel, and is frequently 
stirred, for one day, after which it is thrown into a vat with 
ICO litres of water. When it has settled the water is drawn 
off and fresh water added; this is repeated until the water 
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will no longer redden blue litmus paper; the purified bone- 
black is then dried with heat. 

3. FILTERING VARNISH 

When resins are dissolved there is always some residue 
of vegetable organic matter, sand, parts of insects, etc., 
and these impurities are partly fine and partly coarse, and 
frequently a part floats on the surface of the solution. If 
the resin has been melted before dissolving, the heat chars 
some of the ingredients, so that particles of charcoal are 
found in the varnish. To purify it, so that it will make a 
smooth and brilliant film, the varnish is strained through 
a cloth. Although only the very fine solid particles can 
go through the meshes of the cloth, which should be finely 
woven on this account, yet cloth, whether made of metal 
wire or linen, retains only a part of these impurities. 

Alcohol- and turpentine-varnishes are filtered through 
a loose plug of cotton- wool in the bottom of a glass or sheet- 
metal funnel, or through a bag-filter. The practice has 
recently been adopted of using filter-presses for this pur- 
pose. 

When using a funnel for this purpose it should be covered 
with a glass plate or other suitable cover, to prevent the 
evaporation of the solvent. Cotton-wool arrests all float- 
ing particles, and it is more rapid than paper; after using 
the liquid absorbed by the cotton may be expelled by gentle 
pressure. 

The filtering device shown in Fig. 26 is very ^ood. 
The flask F, of glass or sheet-metal, is closed with 
a doubly-perforated stopper, which fits air-tight. In 
one of the holes of the stopper the glass funnel T 
is inserted, and in the other a piece of glass tubing r, 


1 40 VARNISH-MAKING 

bent at a right angle. The funnel has a wooden cover Z?, 
fitting the funnel with an india-rubber ring, which closes 
it air-tight. In the middle of the cover D is inserted a right- 
angled glass tube which is connected with r, by the rubber 
tube k. In the lower part of the 
cone of the funnel is placed some 
cotton- wool, which is pressed gently 
down into the funnel-tube. The 
funnel is then filled with the varnish 
and the cover put on. As the 
liquid runs through into F, the air 
in the latter is forced out through 
the passage rke^ and into the upper 
part of T; in this way the escape of 
vapor is prevented, which would 
otherwise entail a loss of the solvent. 

When the cotton of which the filter is composed becomes 
clogged no more varnish is added, and when what is in the 
funnel has run out the cover is removed, the cotton pressed 
to get the liquid out, then removed and some fresh cotton 
put in. 

In the apparatus constructed by E. Andres (Fig. 27), 
bleaching and filtering may be simultaneously carried on. 
The varnish which is to be bleached and filtered is stored 
in the bottle which has a side tubulature near the bottom 
Bj in which is a tube with a stopcock C, which can be con- 
nected by a short rubber tube with the tube Z), which passes 
through the cover of the vessel E. This is a cylindrical 
sheet-metal receptacle, with a ring F near the bottom, which 
supports the interior cyhnder G, filled with granular bone- 
black and having a wire-cloth bottom. The conical bottom 
of E terminates in a tube, which passes through the cover 
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Fig. 26. — Varnish Filter. 
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iJ , which is fitted with a rubber ring on the top of the funnel 
/, which in turn enters the receiver K, and this is connected 
by the rubber tube L to the 
top of A . The apparatus 
operates substantially like the 
simpler one first described; 
when necessary the bone- 

black can be easily removed; 

and the process goes on with- 
out loss by evaporation. 

Varnish may also be filtered 
with the so-called Dutch appa- 
ratus, which uses the principle 

of a bag-filter. L 

It consists of 
a receiver, in 
the bottom of 
which are nip- 
ples to which 
the filter-bags 
are tied; these 

hang in a ver- 27.— Andres’ Filtering 

Apparatus. 

tical cylinder 

which is provided with an outlet cock. 
The liquid is put in the receiver, trickles 
through the filter-bags, and runs out of the 
outlet, a clear fluid. The more nipples 
Fig. 28.— Dutch more efficient is the appa- 

Bag filter ratus; but rapidity of filtration also de- 
pends on the character of the liquid and of the filters. 
The operator can close the receiver at any time, and 
this automatically stops the operation, as, when no air 
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can get in, no liquid can get out* For use on a large 
scale the receiver is hermetically sealed and connected by 
a pipe with an elevated tank; then it is necessary only to 
take care of the filtered product. The apparatus is also 
suitable for oil-varnishes, but for these it must be steam- or 
hot- water- jacketed, that the varnish may be made more 
fluid by heat. Oil-varnishes can be filtered only when 



Fig. 29. — ^Filter-press. 


warm, or under a high pressure; for the latter a filter-press 
is necessary, and is in fact the most common apparatus. 

On a small scale a small iron filter-press may be oper- 
ated by a hand pump, to ten atmospheres (150 pounds per 
sq. in.). On a large scale the low-pressure filter-press made 
according to Beeg's patent (by H. C. Sommer, Diisseldorf) 
is effective. With this the varnish-tank must be from 2 
to 6 metres (7 to 20 ft.) above the press. After starting 
it requires no attendance; the operation is continuous. 
However, in all filtering through cloth, no matter how 
closely it may be woven, the varnish is a little cloudy at 
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first, until the cloth has acquired a layer of sediment, after 
which it is clear; the earlier portion of the filtrate is put 
back in the tank of unfiltered varnish. When the sedi- 
ment accumulates to such an extent as to stop the filter, 
the press is taken apart and clean cloths are put in. Instead 
of the varnish running out into an open trough, the Beeg 
filter may be had with a closed outlet pipe, which avoids 
evaporation and the action of the air on the varnish. 


CHAPTKR IX 


MANUFACTURE OF PRINTKRS’-INK, LITIIO- 
GRAPHIC-VARNTSII, SOAP, KKSI.V 
AND CASEIN LACQUERS 

I. PRINTE'RS’-INK AMI) I.rnilKJkAI'JlIC A'ARXISHES 

Linseed-oie is the niuleriul front whu h printers’ ink 
and lithographic- varnish are made. Only such oil may he 
used as does not “break” at 270"’ to C. ^515" to 570" 
F.). In the first place the oil is heated to i jo‘ C. (265*' F.) 
and held at this temperature as long as foam shows, or 
as long as the foam rises considerably; i.c., as long as (here 
is any moisture in the oil. Then the heat is run up to 
270° to 300° C. (515° to 570® F.), and later yet to to 
380° C. (680° to 715° h'.), which thickens the oil. Accord 
ing to the quality and quantity of the oil and the uniformity 
and steadiness of the heat, the oil will be lirought to the 
required consistence in a longer or shorter time, 'fo de- 
termine the progress of the operation, samfdcs are taken 
from time to time and cotiled quic!kly. In practice, the 
various grades (weak, medium, and strong) are tested by 
turning proof-glasses, and by testing between the thumb 
and forefinger; it can also be determined by an areometer 
which is allowed to sink in the liquid. Lit hogriqdjic- var- 
nish is always thicker than a similar grade of prlnl«frs’ iiik. 
The weak quality of vamMi can l>e made In one hour, while 
the strongest requires 10 to 12 hours. The finlshe<i varnish 
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is strained in a half-warm condition through wire-cloth 
into a storage-tank. 

Printers'-ink is usually made in a large iron kettle, set 
in brickwork, and generally has a hood to carry oh the 
disagreeable vapor; four to six of these are groui)ed around 
one common chimney. If a copper kettle is used the prod- 
uct always has a greenish color. 

The kettle may have a coil of pipe within, through which 
cold water may be run to quickl}^ cool the contents; the 
flues in the brickwork are so built that the heat can come 
only two-thirds the height of the kettle, and moreover are 
provided with doors to let in cool air, by opening which the 
cooling of the kettle takes place rapidly. The furnace is 
fired from a chamber beneath, and the grate is sometimes 
on a truck, so that the fire may be withdrawn immediately. 
The rim of the kettle should be not more than i to 1/ 2 
metres (40 to 60 inches) above the level of the floor. A 
close-fitting, heavy iron cover, hung on chains which [Kiss 
over pulleys, is a good protection against fire. 'Fhe inside 
of the kettle must be kept smooth and clean, to lessen thc‘ 
color which the oil will take on. If warm, or even cold, air 
is blown through the oil, it will be thickened more rapidly 
and at a lower heat; in this way good varnish may be made 
with less expense for fuel, d'he best arrangement is to ha ve 
a kettle not more than i metre (40 inches) deiq), in the bot - 
tom of which, on supports, isx)laced an air-pi[)e with. hoh‘S 
in its lower side, and the end of which comes up over the 
edge of the kettle and is connected with a comj)rc‘ssed'air 
supply. A cock is provided to turn on or cut off the air, 
which may come from a warm room or be otherwise heated. 
Over the kettle hangs on chains suspended on pulleys a 

conical cover, having an opening for ins|)ection; this is 
10 
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two or three inches above the rim of the kettle, to let the 
vapors escape and yet prevent the hot oil from spattering 
out into the room. The fire is managed in another apart- 
ment. 

The kettle is filled to within 10 cm. (4 inches) of the top, 
and the oil heated to 120*^ to 130^^ C. (170° to 185"^ F.) when 
the air-cock is opened a little, so as to let a little air be 
blown into the oil; then after a minute the cock is fully 
opened. If the air is cold, the temperature will go down 
at first, but then, from the action of the air on the oil, it 
will increase, so that very little fire will be required to keep 
it at 120"^ C. (170"^ F.) for pale oil; or the oil is thickened 
by a blast of warm air without any fire. 

Recently it has been proposed to heat oil in a partial or 
complete vacuum; it is doubtful whether this method, 
advised by Lewiak and Ragovin, has been tried in a prac- 
tical way, although it may be shown, by heating oil in a 
test-tube under reduced pressure, that it will thicken 
rapidly at a temperature below 300"^ C. (570° F.). More- 
over, it is to be observed that the pipe for drawing off the 
contents of the kettle, as described, is liable to be clogged 
with oil-skins and scales, unless the pipe is removable. 

Printers’-ink is made not only from linseed-oil (and nut- 
oil), but also with pale rosin combined with rectified rosin- 
oil and aged raw linseed-oil, with an addition of some rosin- 
soap and thick (natural) turpentine. To effect this, the 
rosin, broken into small pieces, is melted in a kettle to- 
gether with rosin-oil at a temperature between 130® and 
150^^ C. (265^^ to 285° F.), and then the fluid mixture of the 
linseed-oil and the other ingredients are added. To com- 
plete the combination the mixture is held at the above- 
named temperature for three hours, which produces a 
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homogeneous varnish, with as little as possible of the odor 
of the rosin-oil; to mechanically purify it, it is strained 
through a cloth. By suitably proportioning the three 
components, rosin, rosin-oil, and linseed-oil, varnishes of 
various degrees of strength and toughness may be made. 

In making printers’-ink it is always to be noted that the 
final product must not be sticky, but tough and stringy; 
it must serve as a binder for whatever pigments are ground 
with it, and, without the addition of driers, must become 
dry in a limited time and must not strike through the paper. 
The most perfect inks are made from unmixed linseed-oil; 
the composite inks require allowances of one sort or another, 
and especially their odor is less agreeable. 

Formulas for composite inks (parts by weight): 

THIN VARNISH 


Linsecd-oil 13 parts 

Rosin-oil 24 

Rosin 21 “ 

Thick tiiri>entine % part 

Rosin -soap 


MEDIUM VARNISH 

Linsecd-oil 

Rosin-oil 

Rosin 

Thick turpentine 

Rosin-soap 


10.5 parts 


21 

}4 part 
- 


HEAVY VARNISH 

Linsced-oil 

Rosin-oil 

Rosin 

Thick turpentine 

Rosin-soap 


8.7 parts 


part 
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These varnishes may also be made with linseed-oil which, 
instead of being raw, has been heated with rosin to 300° 
C. ( 570 ° F.). 


2 . SOAP LACQUERS 

Soap lacquers are characterized by peculiar qualities 
that fit them for certain uses; especially they are unacted 
on by water and are elastic, and also cheap ; their qualities 
depend on the choice which is made of metallic salts which 
enter into their manufacture. The simplest way of making 
them is as follows : Good tallow soap is boiled with rain- 
water until it makes a clear solution, which when hot is 
filtered through several thicknesses of cloth. It is again 
heated, diluted with an equal volume of rain-water, and 
brought to boiling; then a boiling solution of alum (or 
sulphate of iron, copper, zinc, or other metal) is added to it 
until in the clear filtrate of a portion no further precipitate 
is produced by the addition of the salt. The precipitate 
is allowed to subside, the supernatant fluid is drawn off, 
the residue repeatedly washed with hot water and dried. 
After drying it is again heated in a water bath. The dry 
metallic soap is then dissolved in warm oil of turpentine 
(iron soap may be dissolved in benzine or other suitable 
solvent) ; the solution should have the body of a thick var- 
nish. If on cooling it is too thick, it may be thinned with 
hot turpentine to the desired consistency. 

Rosin-soap may be used as a cheap substitute for sicca- 
tive. To make it, 50 parts of soda are dissolved in 150 
parts of water, heated to boiling, and with vigorous stirring 
100 parts of powdered rosin are added; the whole boiled 
until the solution becomes clear and transparent. It is 
cooled, and the liquid is taken off from the brown, tough 
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rosin-soa.p which adheres to the bottom of the kettle. The 
finished soap is dissolved in water, and spirit of ammonia 
to the amount of i per cent of the weight of the soap is 
added. Colors are added to the solution as may be desired. 
The mixture dries rapidly and the film resembles a varnish. 
If to I part of such soap in 100 parts of boiling water a 
solution of 18 parts of slaked lime is added, it makes a 
quick-drying varnish (Fresson^s compound) which can be 
used as gold-leaf varnish. If it is desired to have this var- 
nish dry more slowly, 10 to 20 parts of glycerine (28^ Bd.) 
may be added to it. 

3. RESINATE VARNISH 

According to the Miiller-Jacobs method for making 
resinate colors, there should be combined 100 parts pale 
rosin, 10 parts caustic soda, 33 parts soda crystals, and 1,000 
parts water, which are boiled together in a kettle and then 
the solution is -cooled to 50° C. (122° F.). A filtered solu- 
tion of a basic dyestuff is then stirred into it. After a time^ 
during which the mixture is added to a solution of a metallic 
salt (e.g., MgCh), the resinate color separates from the 
rest; it is then strained on a cloth to separate it from the 
solution, and dried. 

The dry resinate color may be made of various degrees of 
strength, from 5 to 15 per cent of dyestuff; it is soluble in 
benzole, ether, chloroform, volatile oils, boiled linseed-oil, 
and also in varnishes made with alcohol, benzine, and tur- 
pentine. It is especially suitable for an addition to trans- 
parent oil-varnish or benzine varnishes. The following 
is a useful preparation: 30 parts thoroughly dry mag- 
nesium-resinate color are dissolved in 80 parts of benzole 
and 20 parts of chloroform, and mixed with 150 parts of a. 
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dear solution of caoutchouc in carbon bisulphide and light 
coal-tar naphtha. 

4. CASEIN VARNISHES 

Casein may be used both for varnish and for paint. 
To make it, milk is allowed to stand and the cream is 
skimmed off until no more cream appears; then some vine- 
gar or sulphuric acid is added to it and the casein separates 
in curdy masses. It is then washed repeatedly, carefully 
pressed, and then put into a flask and dissolved in spirit of 
ammonia, which is accomplished by digestion with frequent 
shaking in a closed flask for a few days. When this solu- 
tion is spread on glass, wood, etc., the ammonia rapidly 
evaporates and the casein is left as a colorless, lustrous film, 
which appears permanent as exposed to the weather. 

The addition of pigments to such a solution produces a 
paint. 

Casein is also soluble in a solution of borax; a varnish 
may be made in this way, which dries rapidly and forms a 
satisfactory film. 


CHAPTER X 


NOTES ON VARNISH-MAKTNC; 

By a. H. Sabix 

For a general outline of the American practice of var- 
nish-making, the reader is referred to Sabin’s ‘'d'echnology 
of Paint and Varnish”; but some su|)plementary remarks 
may be given in this place. 

American methods seem to l>e more uniform among 
different factories than appears to be the case in Kuroi)e; 
while different makers vary in details, we have [)ractic*a,ily 
but one general style of apparatus, which consists in a 
furnace composed of a fire set just l)elow the lloor level, 
burning coke, coal, or gas, with a tall and s])acious chimney 
to carry off the fumes as well as the products of combustion, 
no attempt to save the former being made; a cylindrical (’op- 
per kettle with a Hat bottom, about as deep as its dianuder, 
having a loose cover, and holding loo to 130 IJ. S. gallons; 
this kettle is set on, but not attached to, an iron wagon or 
varnish-truck, having three or four wheels, and drawn aI)out 
by a long handle or tongue attached to the front axle. 
The resin, or “gum” as the workmen call it, is melted in 
the kettle, the cover being on; then the hot oil is added 
to it; then the cover is taken off and the mixture of oil 
and resin is cooked; then the kettle is drawn to thi* room 
or shed where it is to be thinned, and when suitably cooIchI 
the turpentine or benzine is added. Since turpentine has 
become so high in i)rice, many of the facdoric^s have s<ane 
sort of apparatus for recovering part or all of the turpen 
tine vapor which is formed at first, A drawing is gi vcai of a 
very efficient condenser patentecl and used by (b W. 
Priest of Mansfield, Mass., which the writer has seen in 
oj)erati(>n and which is very satisfactory. With a suitafde 
condenser not only is economy secured, l)ut the most serious 
fire-risk is |)ractically eliminated; all the fatal fires of which 
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the writer has heard have arisen when thinning the varnish. 
Varnish fires are unprofitable and unnecessary. 

For purposes of computation and nomenclature, the unit 
amount of resin is assumed to be loo lbs. In practice the 
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quantity melted at one time is often 125 lbs. and sometimes 
150 lbs. The amount of oil is reckoned as so many gallons 
to the 100 lbs. of resin as weighed before melting. The 
least proportion of which the writer has heard is three gal- 
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Ions (about 23J4 lbs.) of oil to ioo lbs. of resin; a measured 
gallon of oil weighs al>out 7:^4 lbs., although linseed-oil 
is sold in bulk by the conventional gallon of 7.! 2 ll>s.; in 
the factory it is usually measured. The smallest l)ro[)or- 


Courtesy of The IxmiMvillr* V^arriMi Co. 

Fig. 31. — Another Typi<‘al Meltinj^-rooni. 

tion of oil ordinarily used is j)rol)ably <S gallons to tlie too 
lbs. of resin; rubbing-varnishes are often made in this 
proportion, though also made with 10 and sometiriK^s 12 
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gallons of oil. Furniture- varnishes contain from 8 to 15 
gallons of oil; floor-varnishes 14 to 18 gallons; in my 
opinion the best and most popular floor-varnishes contain 
16 or 17 gallons; varnishes for doors, door-casings, etc., 
about 20 gallons; outside woodwork (''spar’’ varnishes) 
25 to 30 gallons; carriage finishing, also 25 to 30. It will 
be seen that in all these the proportion of oil is much more 
than in the formulas given by Professor Bottler, who gives 
lo-gallon varnishes for floors and general woodwork, and 
some of his formulas call for so little oil that they are to 
all intents and purposes spirit-varnishes made with tur- 
pentine. It seems incredible that varnishes containing 
10 gallons, and in many cases much less, of oil to the 100 
lbs. of resin should be in general use for house-varnishes; 
yet substantially similar formulas are given by Coffignier 
in his (undated but recent) "Manual of Varnish Manu- 
facture,” by Laurent Naudin, and by Desalme and Pierron 
("Colors, Paints, and Varnishes,” Paris, 1910). The 
English, who are great varnish-makers, use formulas which 
are commonly believed to be like ours ; in fact, our methods 
are based on English practice, and the English alone among 
foreign nations are still able to sell varnish here against 
our best makers. 

Another notable difference between European practice 
and American is in the tendency in Europe to use thickened 
oil; that is, the oil is "boiled” until it has high viscosity; 
then when it is added to the melted resin it requires but 
little cooking before the volatile thinner is added, and the 
latter is used in larger proportion than is our custom. 
Our practice is to prepare the oil by some preliminary 
heating, but not to thicken it much; when the gum is 
combined with it we may thicken the mass considerably 
by cooking, but excessive cooking darkens it, and if heated 
too much it gelatinizes and is spoiled. The European 
practice enables the maker to thicken his oil more than we 
can, and when added to the resin it needs to be cooked 
only enough to make the ingredients stay together, and 
it will take more turpentine (or benzine) . The European 
makers say that if not enough volatile thinner is used the 
dim will be too thick, will skin over and not dry through, 
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Fig. 33. — Priest’s Condenser. 
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uneven. All this is true; yet our makers are in fact able 
to make good rubbing-varnishes with as high as 12 gallons 
of oil. 

We believe, on the other hand, that the thickening of 





Fig. 34. — Priest’s Condenser. I. Naphtha punii). 2. I'ank. 4. 
Stirrer, ii. Elevating shaft for same. 12, 13. Driving mechanism. 
5. Cold-water jacket. 8. Cold-water coil. 15. Worm-gear f(jr raising 
and lowering the condenser. 

varnish should be done not in the oil-kettle l)ut in the var- 
nish-kettle, and that the prolonged cooking of the resin 
and oil together produces a better union of ingredients, 
and such varnishes are more durable than those made in 
the other way; in other words, a good varnish is a com- 
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pound rather than a mixture; and this is what I myself 
believe. I am inclined to believe, however, that there is 
more thickened oil used by American makers than was 
formerly the case. 

Oil thickened by heat is called by the Germans ^^stand- 
oir'; by American makers it is more generally known as 
lithographic-oil. If made of well-bleached oil in an 
enamelled kettle, •and, especially if by superheated steam, 
it is very pale in color; it is about as thick as molasses. 
Long cooking lowers the iodine number considerably and 
increases its specific gravity a little; it makes it dry better, 
if in a sufficiently thin film, and it dries with more gloss 
than ordinary oil. If it contains driers it may have a 
gloss almost like varnish, and, in fact, enamel paints are 
made with it. 

Oil may also be thickened by blowing air through it. 
In this case either the oil is heated by a fire under the kettle 
or by steam, or else the air is heated by passing it through 
a superheater. Singularly enough, the results are different 
in these cases, though this fact is not generally known 
because the difference is not considerable unless the air- 
blowing process is carried further than is the common 
practice. If the operation is continued too long it results 
in the formation of a solid, extremely insoluble product. 
Another way to make solid oxidized oil (linoxyn) is to spray 
it on sheets of cloth hung up in a current of warm air; this 
is continued until the cloth is thickly coated with dried oil, 
which is from time to time removed by scraping; it is used 
for making linoleum and similar products, and is known 
as scrim-oil or Walton’s oil (the last name from its inventor). 
A somewhat similar product is made by heating oil at a 
temperature running up to 630*^ F. several hours, when it 
gelatinizes, and is knowrf as sweetmeats,” and is used by 
oilcloth-makers and for patent-leather varnish. 

Oil thickened by air-blowing is oxidized, and dries better 
than raw oil; it is extensively^ used in making rosin- 
varnishes. 

Rosin is a substance which is brittle, yet at ordinary sum- 
mer temperatures it will flow; it may be considered a very 
thick liquid or a very viscous solid; but in any case it will 



Courtesy of The Louisville V’’arnislx Co, 

Fig. 35.— Co(xking 4 .he Oil and Resin Iut. 

great deal of rosin; and while such a compound was cheap 
it had no other good quality. But by using blown oil, if 
the oil is thicker than varnish, the more oil we add the 
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be easily understood that adding it to oil does not much 
thicken the latter. In making old-fashioned rosin-var- 
nishes, therefore, only a little oil could be used with a 
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'‘body" or viscosity the* pnHlucf ha-, and thr niurf 
btaizint* \vv can a(hi; an<l also the more duratdc it will In*; 
ainl, as oil rt^spomls to driers, tlie more drii*r we « an add. 
and the more* (|uickly it will dry. li) ldo\vin|£ oil \iiiur- 
ously at a. tianinn-aturt* of 2^0 F. to 4(x> F. lor fifty or 
sixty hours a product is ohtaiiuMl whii fi will di*^so|vf ti» a 
varnish (‘(Uisisttmcy in its own volume o! ben/Jne ’j^nniiieii 
tlu‘ latt(*r is add<‘<i behuH* the oil is colds and thi* can be 
mad<‘ into a varnish witfi lime hardtuuMi noin ami ro^iii 
drier (mangaiiest* resinateb which is suilalih* for ii-e as 
insidatini^ varnisli or varnish for agricultural iriipleiinuils, 
and is wry ust'ful to add to mm*e expeM-*ive \airriis!ies to 
reduca* their cost. It is n-ally a very timul \”;iriiis!i. 

Rosin may be hardeiu‘(l by di-. a living it in lint heii/Jiie or 
coaIda.r naphtha, tln-n agitating it with dry /Jiic oxidi- f»r 
dryaaiustic lime fp<*^^‘dered ciuicklinuo, until ilie rosin anrl 
zinc or lime t’omhintn I liava* never found any mlvantagr 
in using zinc rather than liiiun But the more cotiirrioii maiy 
is to rm*lt. tlie njsin and add the lime to it, I'lie midily 
of tliis is tested by dissolving 5 granirnes in id granimeH of 
grain tetliyll ali'olml. and titrating it with drciiionnal 
i*austic-s(Mla stdution. using phenolphtlialein an an imlii'atfir. 
Idle idea.1 rosin varnish would be iienlra!; Inil if enoiigli 
lime is added t«» make it rnmlral it will be loiiiid that the 
rosindime coinjiound is hard and so dilficiiil Ifi liise and 
to dissolvt* that it is iinjiractif able to Use it. d‘lir edijert 
to aim at is. therefore, to make a rosin soliiliini iiearly 
neutral as possible*. 

Obviously it wii! be jiossilile to dissoK‘e a biglily diined 
riisin in a soivmd of high boiling- jioiiil more easily tliaii 
ill oolinary benzine; and liy using somr of I lie iiew 
“mineral turjiimline" solvents, having a liigli boiling' 
point, Ifie rosin may be more higtily liiiieil than ivas 
fornn*rIy jmssible. 

ddie object of riming rosin is lo make it less nthky: il 
iIcHcs not dc’stroy its stickiness, fail il lessriis if* ain! iiiori* 
iMii !>e used, dung or idiinese wiMitl-iiil is a \a!iiati!o 
addition to thesi* rosin-varriisfies; ibis nil does not grl.iliiiize 
on cooking if sullirieiit rosin has been acltlrd to it; ami the 
addition of a not very large proj'Mirlioii of a ivrllioiikeil 
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mixture of rosin and this oil causes the varnish to be better 
in every way. 

With the exception of some of the poorest grades, which 
go into cheap varnishes, most of the kauri resins come to 
the United States. In the last twenty years its price has 
increased about 250 per cent; while most other resins have 
increased 50 to 100 per cent. It is remarkable how the 
KurOpean experts persist in classing it with Manila and 
dammar, as a soft or semi-hard resin. It is the general 
belief in this country that it is the most desirable resin 
there is, taking all its qualities into account; certainly it 
is no more like Manila than it is like Zanzibar. Kauri 
varnishes are freer from ^‘tricks’’ than any others, and are 
little if any less durable than the best. Zanzibar is probably 
a little more durable and has a higher lustre; but it is a 
much more difficult resin to handle, and its products are 
somewhat variable. The European classification of resins 
is not generally accepted in this country. 

In the matter of apparatus we have much to learn. 
In the more densely-populated parts of the Old World it is 
not allowable to discharge the acrid fumes from varnish- 
making into the atmosphere, as is the custom here, and 
in consequence apparatus is in use which collects and con- 
denses these products. More attention has, therefore, 
been given to the perfection of furnaces, kettles, etc., and in 
particular the use of enamelled kettles has become general. 
It is the opinion of the writer that the use of these, both for 
oil-boiling and varnish-making, would be a decided im- 
provement. It is quite possible, also, that the use of 
aluminium kettles might be a gain. It might be necessary 
to make the bottom of a varnish-kettle of copper or, better, 
of enamelled steel, and bolt it on, as is done in Germany, 
so it could be easily replaced, with an aluminium body. 
This would not be much more expensive, and every copper- 
smith can work aluminium. 

Attention is also asked to the German varnish-truck, 
used also in England, to lower the kettle on the fire and 
lift it off. With our heavier kettles this might require 
modification, but the idea is a good one, and could easily 
be developed. The writer submits drawings, secured by 
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one of his friends at large expense, of a modern English fac- 
tory; this is not an imaginary plan, but an actual and up- 
to-date factory. 

Drawings of apparatus for gum-melting as distinct from 
oil-and-gum cooking are to be seen in most books on var- 
nish-making, but it is not known to the writer that they 
have been used. It certainly seems as if an apparatus 
could be constructed to work continuously and with more 
uniform conditions than we now have, melting the resin 
and driving off just the right percentage .with certainty 



and with less dependence on the skill of the operator; the 
pale color of the more costly resins is easily injured by an 
extra minute or two in the kettle when the melting is com- 
pleted. In general, 20 to 25 per cent of the weight of the 
resin is driven off during melting. Many attempts have 
been made to avoid this; but, as Professor Bottler says, 
they have not been successful; that is, some of them have 
been successful in getting the resin into solution, but the 
varnish so made has not been satisfactory. It appears to 
the writer that the fact is that a good oleoresinous varnish 
is to some extent a compound, and requires that the oil 
and resin should be heated together, almost to the point 
where they begin to suffer decomposition, before they 
properly combine; and the mixtures which have been 
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made of solutions of resin with oil are not seriously different 
from megilp, and like it undergo some separation when the 
volatile solvent evaporates. A resinous body like common 
rosin, or perhaps dammar, which is soluble in oil without 
melting, may make a tolerable mixture, but it is not to be 
compared with a varnish made in the ordinary way; but 
when a really hard varnish resin is used, we are dealing with 
things which are too essentially unlike and without affinity. 
It must not be forgotten that the product which we get 
by melting a resin such as kauri or Zanzibar is not part of 
the original resin from which a more volatile portion has 
been removed by heat; it is an essentially new substance, 
which was not in the original resin, but has been made from 
it, just as charcoal has been made from wood; and this 
pyro-copal, as it is called, is a resinous substance from which 
we make varnish by combining it, not merely mixing it, 
with oil. 

That this is so is shown by the fact that if we melt kauri, 
or a similar resin, in a flask or retort, the temperature as 
shown by a thermometer in the melting resin is far higher 
than that of the vapor immediately over its surface; in- 
dicating in an unmistakable manner that a chemical dis- 
sociation is taking place, and new products are being formed. 
Part of the material which is distilled off is a permanent 
gas; it cannot be supposed that this was in the resin as a 
gas; and the rest is condensable to a series of liquids, 
having no resemblance in any way— odor, color, taste, or 
anything else— to the resin. The mixture of volatile 
liquids which comes off, and which may be separated into 
its constituents by fractional distillation, is what is called 
copal-oil; some portions of these ingredients are said to be 
of value as solvents, and this is probably the case. 

It has long been known that the resin may be put with- 
out previous melting into the oil and dissolved by heat, 
but it is necessary to heat the mixture enough to melt the 
resin and decompose it; and in fact the varnish made in 
this way is not so good either in color or other properties 
as when made in the common way. The B jerregard patents, 
referred to by Professor Bottler, were for certain modifica- 
tions of such a process, and for certain apparatus, and were 
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used for a time in New York, but their use has been 
abandoned. 

It may here be mentioned that considerable attention 
has been given in late years to attempts to make synthetic 
resins ; so far as the writer knows these have been intended 
only for spirit- varnishes; also, in spite of numerous state- 
ments to the contrary, they have not proved valuable nor 
have they come into use except surreptitiously as adulter- 
ants for shellac and similar resins ; chiefly shellac, as that is 
the only spirit-soluble resin of great commercial importance. 
The following historical review of the naatter which brings 
the subject up to about 1908, may be of interest to any one 
who may care to look up the matter; since that date a 
great number of inventions have been made, the best- 
known of which are those of Dr. L. H. Baekeland, for which 
his numerous patents -will give information, as is the case 
with other inventors. It should be said that these 
products are chiefly used in the solid state, as insulating 
material and the manufacture of other solid articles, and 
not as resins; their semi -resinous character leads people 
to attempt their use in varnishes, and it is by no means 
unlikely that in time useful preparations of this sort will 
be made. The great value of the solid products made by 
some of these processes seems to be beyond question; but 
their manufacture cannot be included in a book on the 
present subject. 

Synthetic Resim: L. Grognot, Rev. ge%, chim., x. 4.9-54. 
Resins of Hlasiwetz, L. Barth, and Grabowski: — ^Artificial 
resin of benzoin. When phosphoric anhydride is added 
to essential oil of sweet almonds in sufficient quantity to 
make a syrupy mass, and if care is taken to avoid rise in 
temperature, it becomes of a yellowish-brown color and 
becomes hard at ordinary temperature in a few days. It 
is then washed with hot water; the excess of essential oil 
is expelled on the water-bath, and a resin is obtained which 
is soft when hot, brittle when cold, odorless, and having the 
appearance of colophony; it is purifiied by solution in 
alcohol and precipitating with water acidulated with 
HCL This resin has a composition identical with that 
of the fl^-resin of benzoin; it is only partially soluble in 
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ether. From alcoholic solution it is precipitated by an 
alcoholic solution of acetate of lead. By dry distillation 
it produces a thick empyreumatic oil and much benzoic 
acid, with a carbonaceous residue. Melted with 4 parts 
of KOH it is decomposed into benzoic and />-oxybenzoic 
acids. 

Eugenic Resin: — Following the method just described, 
phosphoric anhydride is added to eugenic acid until it takes 
the appearance of turpentine; the mass becomes red, and 
when exposed for some hours to a temperature of 50® to 
80® it becomes a dark red and very hard. It is then washed 
with hot water, dissolved in alcohol, and precipitated with 
acidulated water. Eugenic resin is odorless, has the ap- 
pearance of colophony, and an aromatic and bitter taste. 
Its alcoholic solution is dichroic, blue and violet. In the 
preparation of the resin, if an excess of phosphoric acid is 
used, a combination containing phosphoric acid is formed, 
from which the resin may be extracted by proper treat- 
ment. The composition of this resin is intermediate be- 
tween eugenic acid, C10H12O2, and a body of which the 
formula is CioH,203. On dry distillation it yields an oil 
with the odor of creosote and which gives a green color 
with salts of iron; part of the resin is carbonized. With 
HNO3 it is converted almost wholly into oxalic acid; with 
KOH it yields chiefly protocatechuic acid and a little 
acetic acid. Some other essential oils treated with phos- 
phoric acid behave differently. The essential oil of cassia 
is quickly attacked and produces a substance of a humic 
character. Essential oil of rue forms a deep brown resin, 
which melts imperfectly with KOH, and gives only traces 
of a crystalline substance which gives a violet color with 
salts of iron. Similar to this are the oils of angelica and of 
cumin. Guaiacol makes an oil which appears to contain 
phosphoric acid and when melted with KOH gives pr<)t0» 
catechuic acid in abundance. The stearoptene of the essen- 
tial oil of anise, C10H12O, treated with iodic acid and iodine 
with the addition of potash, is transformed at a moderate 
heat into a brown resin of which the composition differs 
little from the stearoptene, except that it contains a little 
more oxygen. This resin melted with potash produces 
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only a little of a crystalline substance which seems to be 
anisic acid. (Ann., 139, 83 [1886].) 

Resins of Barth: — The researches of this author were 
made on the essential oils of turpentine, lavender, and 
juniper. These oils were treated with alcoholic potash, and 
I the resultant deep yellow liquid evaporated in a water- 

I bath, the residue treated with dilute H2SO4 and digested 

I in ether. The ether being distilled off, there remained a 

I resinous body. After being acted on three or four hours 

I by potash, the essential oil was found to he transformed 

I into a hard, brittle resin resembling colophony. Camphor 

I also produces a resin, and this is always found in slight 

j quantity in the preparation of camphoric acid by Berthe- 

j lot’s method. This is a golden yellow resin, quite inodorous 

I after having been heated to ico^; it remains like pitch 

I for a long time. The resins of turpentine and of lavender 

appear to be C20H30O3; that of camphor, C20H30O2. The 
resin of turpentine is attacked with difficulty hy potash 
and is only slowly oxidized. The products of oxidation 
are the lower fatty acids and of a composition analogous 
to camphoresinic acid (Bull. soc. chim., 1868, 70). The 
tannins are related to the resins, since their products of 
decomposition are often, resinous. In certain compounds 
resin appears to replace the glucose of glucosides; thus 
colchicin, the active • principle of colchicum, decomposes 
easily into a resin and colchicein, without the formation 
of glucose. Resins produced from essential oils, as far as 
we can judge, are created by processes similar to those of 
nature. But when we consider those produced from alde- 
hydes and phenols, we open a new field. 

Aldehyde Resin of Wurtz: — The aldehyde, CH3CHO, 
treated with HCI forms an unstable compound, CH3.CH- 
I (OH) Cl, which reacts upon another molecule of aldehyde 

! to make aldol with reformation of HCI, which may be con- 

sidered a catalytic agent. CH3 . CH(OH) Cl + CH3 . CHO — 
I HCHhCH3.CH(OH).CH2.CHO (aldol). Two molecules 

I unite to form aldol, intermediate between aldehyde and 

j alcohol. In the distillation of this aldol, resins are pro- 

duced by the condensation of two or more molecules of 
aldol. These resins are pale or brown, according to the 


NOTES ON VARNISH-MAKING 


169 


degree of heat employed. A temperature of 60^ is sufficient 
to effect a change in some samples of aldol, which becomes 
insoluble and sometimes on cooling hardens into a glassy 
solid. These experiments on aldol by Wurtz are of consid- 
erable interest, since we now know how to produce economi- 
cally the aldehyde and aldehydes in general by practical 
iHCthods; thus, according to Duoy-Henault, it is possible 
electrolysis to convert alcohol quantitatively into 
aldehyde : CH3CH2OH 4- 0 = CH3CHO -h H^O. The po- 
tential necessary varied in different electrolyses from 0.7 
to 0.9. With an anode newly platinized it was found to 
be 0.37. Ethyl-sulphuric acid will be produced only when 
the tension at the anode is excessive. According to 
Sabatier {Rev. gen. chim.^ 24 [Dec., 1905]), vapors of 
primary alcohols coming in contact with copper at a tem- 
perature of 300^ are completely separated into aldehydes 
and hydrogen which latter escaped from the apparatus. 
Similarly secondary alcohols are separated into hydrogen 
and acetones. This is a very advantageous method. 
Propyl, isobutyl, and isoamyl aldehydes are thus easily ob- 
tained'pure {R&d. gen. chim.^ 24 [Dec., 1905]). Finally Jonas, 
Desmonts, Dubose, and Deglatigny have worked out a later 
method by following out the investigations of Kutscheroff 
(IJict, de Wurtz, 2d Supp., acetylene, p. 86). Acetylene 
combines readily with mercury salts in aqueous solutions, 
forming fproducts insoluble in the liquid. These com- 
pounds spontaneously decompose at ordinary temperatures, 
more rapidly if heated, into acetic aldehyde and the original 
mercury salt, so that a very small quantity of the latter will 
hydrate an indefinite quantity of acetylene. Dilute H2SO4, 
(sp. gr. 1,32) transforms, in the cold, aldol into a white 
amorphous substance insoluble in water, from which it is 
possible, though difficult, to isolate two distinct compounds, 
fusible at 70° and 80° respectively (Lobry de Bruyn). 

Resins formed from aldehyde and phenols: — ^According 
to the investigations of Baeyer and his pupils, a molecule 
of aldehyde acting on two molecules of phenol in the 
presence of HCl or H2SO4 produces a substance whose com- 
position corresponds to one molecule of aldehyde united 
to two molecules of phenol with the elimination of one 
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nolecule of •water: CH,,.ClI(t'cH/)U)',. a N'ajjhtl 
. with benzoic aldehyde t(» form l>eti/,ylidenedi- 


m'- . , 

t^l^a^whitc powder, 'ihe a 

alrlphvd.es net also on the polyatoinit phenols, 
prese^e of HCl or H.SO,, ahlehyde hmus with resc 

benzvlidciicresorcinol, t c»«irM ri u 

in water, easily soluble in alrohob tliu-r, or tirri/iiie: 
t -2-20^ with decomposition (*\Iicharb C /i. 

a.nd Dict. dc Wiirlz, 2d ihi). 

Resin of KleehurK: Formic aldehyde ads on ph< 
sorcinol, or pyrogalloi in the jjresent e of 1 ons enlrati 
giving products insoluble in alkalies, I he piirilica 
which has not been possible.^ (hdlie arid gives a 
result. Xo 20 grammes of this add dissolved in ho 
is added 40 c.cm. formalin, then IICI until a precip 
formed. Upon cooling it dejKJsit.s a brown resin 
amorphou.s, colorless hcnly ainmst insoluble in w 
alcohol. It isanaeid.Cidlisdw + atllfjO = ; 

CisHiaOjo- fl K'ves with phenyl-hydnizine a ery 
salt, CxeHiBOm.aCJIi.Nall,. from whkh the anic 
acid is reprecipitated by HCl; it becomes erysfalli 
prolonged boiling in alcohol. Boiling an ammoniac; 
tion of the acid [ireci})) tales a redflish < rystallin 
C16H12O10NII3 {Bull. soc. chivt,, .■\|(ril 5. iKtp, p 
This action described by KJeeburg is the sfartinj 
from which wc {)r(x'ecd to the actual pr*«iut lion ' 
resins. Trillat has shown that the conibination of 
aldehyde and the phenols in the f>re.sence of t *incei 
sulphuric acid (an<l the like) gives in general pr 
which are amoqjhou.s, resinous, instjlulde in ail re; 
and some of which have the apjxfaraiu e of celluhtse. 
only do the i>hcnols react with formic aldehyde, Init. al 
tain hydrocarbons. The action t>f 40 jwr < vnl fo 
upon benzene has been discusser! bj’ >*aslukof. I 
mixture of one volume of formalin and two vohmies < 
centrated HaSO< is added two volumes of la rjiU'in', a 
amorphous body is obtained. (Jenvressr; has ob 
addition-products by combining, molctule to mo 
formic aldehyde with caryophylene, dovene, and ca^ 
(i?CT. gen. chim., 22, 28 (Jan., 1905)). 
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Blumer, Artificial Shellac: — An organic hydrooxy acid, 
such as tartaric, as the agent of condensation, in the state 
of a saturated solution in formalin; then phenol or a- 
naphthol is added and the mixture heated to the boiling- 
point, when products are formed which are resinous solids, 
resembling lac. Example i : A spacious lead-lined steam- 
jacketed kettle is charged with 155 kg. commercial tartaric 
acid, and 150 kg. of 40-per-cent formalin. The acid dis- 
solves completely at a gentle heat; then 195 kg. of loo-per- 
cent phenol are added and a moderate heat is maintained 
until the reaction begins; while the reaction continues, 
which is about ten minutes, the contents of the kettle 
are kept in a state of lively ebullition. When the action 
ceases the resin floats on the surface as an oily liquid; this 
is removed and put into hot water where it is purified by 
washing (with the addition of a little ammonia) from 
traces of phenol and formalin which may adhere to it. It 
is then turned into cold water, when it immediately hardens 
and solidifies in white flakes like natural lac. Example 2 : 
With a-naphthol, the charge is 155 kg. tartaric acid, 150 
kg. formalin, and 290 kg. a-naphthol. The reaction is very 
violent and there forms on the surface a red resin which 
hardens rapidly. It is treated as before; but this resin 
does not melt under water. There is a combination of 
3 molecules of phenol with 3 molecules of formaldehyde, and 
separation of 2 molecules of water; and the resultant mass 
has the formula, C2H20O4. It is the same with other organic 
acids; but it is necessary to use them in large quantities, 
otherwise they will give rise to various products not in- 
dustrially valuable. With inorganic acids like results are 
had, but it is necessary to enfeeble the reaction. The 
dilute acid is mixed with the phenol, heated, and the formal- 
dehyde is added gradually, just fast enough to keep the 
contents of the kettle in ebullition {Rev. prod, chim., March 
15, 1904). 

Transparent Resin of De Laire (Pat. 361539, June 8, 
1905, published July 31, 1906): — ^When the crude product 
of the combination of the phenols with formaldehyde, alde- 
hyde, and the like, is submitted to the action of heat, a 
certain quantity of water is eliminated, and resinous 
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products arc formed, capable of rephu inii; amber and lac, 
their qualities being analogous to tluise of natural resins. 
Some j)rccaiitions are necessary. 1 ’his coni!)ination may 
be made according to described methods, usiiig either acids 
or alkalies as reagents. It has, moreover, been found 
possible to conil^ine aldehyde and |)henol directly, by heat- 
ing them in an autoclave. After obtaining the product 
in the manner which has been <lescribed, and when it is 
well washed, it should l>e healed in the oiHni air at a tem- 
perature above 100'^. d'he tinu^ of Iieating the mass, after 
it is melted, varies according to the tetiiperature; from half 
an hour at 150^ to ten or twelve minutes at 200®; at the 
beginning of the heating a ma.rke<! coloration is produced, 
then the elimination of steam is observed, and finally the 
substance which was opaque and fluid becomes viscous and 
transparent. On cooling, it is obtained as a solid block 
looking like amber, but of which the physical properties, 
color, hardness, solubility, rmVlting-point, etc., vary ac- 
cording to the nature, the purity, and the proportions of 
the materials employed, and also according to the manner 
in which the combination has b(?en eflectecL Example i : 
Agitate for some time a mixture of 5 to 10 parts of 
40-pcT-cent formalin, 10 parts commercial white distilled 
phenol, and about 10 parts hydrochloric acid containing 
15 per cent HCL After removing by washing the excess 
of HCl and phenol, a plastic mass is obtained, which is 
heated in the open air or in the presence of an inert gas 
until it looks like melted pine resin, and until a sample 
taken out does not cloud up on cooling and hardens rapidly; 
This effect may be obtained after heating half an hour at 
about 140®. It is indeed possible to heat to 200® without 
danger; only the resulting product will be colored light 
brown. After cooling the mass is a hard resin of which the 
color is from yellow to a brilliant brown, resembling amber, 
transparent as glass, and soluble in ethyl and methyl alcohol, 
and in caustic alkali. Example 2: 300 parts of crude 
cresol are dissolved in 20,cxx> parts of a loper-cent solution 
of KOH, and to this is added 300 parts of commercial 
formaldehyde. When the odor of formaldehyde has nearly 
disappeared, add acid to a faint acid reaction; a precipitate 
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is formed which is to be washed with water. The crude 
product thus obtained is introduced into an apparatus for 
distillation, a vacuum is produced, and the mass is gradually 
heated nearly to the point of ebullition ; the heat is kept 
up until the water is removed. On cooling a hard trans- 
parent mass is obtained, soluble in ethyl alcohol and in 
caustic alkali. In the first example we may employ either 
a vacuum or a pressure above that of the atmosphere. 
To these reactions of formaldehyde may be added those 
resulting from its action in the presence of lime or baryta 
upon phenacetylaldehyde, diphenylacetone, etc., giving 
resinous products (Rev. gm. cMm., 1903, 348). Nitric acid 
reacts on furfurol forming a resinous substance. Finally, 
guanidine, NH = C(]SrH2)2, which is easily obtained from 
gelatine by oxidizing with calcium or loariuni permanganate, 
is energetically attacked in concentrated aqueous solution 
by common aldehyde, and a resinous mass is obtained. 
(From Chemical Abstracts^ vol. i., pp. 1179-82.) 

A valuable report on Manila resin, in part by Brooks, 
part by Richmond, appeared in May, 19x0, in the Philip-- 
pine Journal of Science, vol. v.. No. 3, Section A; which 
deserves careful study by any one interested in chemical 
work on varnish resins. These papers are too long to be 
reprinted here, but their scope is briefly and insulTiciently 
indicated by the following abstracts, pre[)arcd for Chemical 
Abstracts. The original papers should be consulted. 

The Study of Manila Copal: P. C. Freer, Philip. Jour. 
Sci., V., 171. Manila copal is derived from Agalhis alba 
(Lambert) locally called the almaciga tree, a conifer, 50 • 
60 m. high, I to 2 m. diameter, which grows in Luzon and 
other islands, at 150 to 2,000 m. above sea-level, and is 
known by several botanical and many native names, and 
shows varieties which have been regarded as species. The 
copal is composed chiefly of amorphous resin acids, with 
a small proportion of a neutral, amorphous solid, which 
remains after exhausting with alkalies, and which darkens 
rapidly ^on melting and probably causes deepening of color 
in varnish-making. It also contains a small percentage of 
terpenes. The resin rapidly oxidises on exposure to the 
air, but the acids do not oxidize by themselves. If pow- 
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I dered, it gives off CO2 at ordinary temperatures, more rapid- 

ly if exposed to sunlight; but the hardening of the freshly- 
exuded resin is not due to oxidation. 

Manila Copal: G. F. Richmond, Philip, Jour, Sci., v., 
; 177. This is a collective term for medium-hard resins 

i from the Sunda, Philippine, and Molucca Islands, known 

i also as ^^almaciga,’’ Spanish for gum mastic which is an 

i entirely different resin. It comes from Agathis alba, 

j which has bark i cm. or more in thickness, smooth, with 

I numerous resin canals, and the resin is derived from wounds 

I or incisions in the bark. The wood is light-colored and 

I contains resin cavities; leaves ovate-lanceolate, mostly 

3 opposite, 2-12 cm. long, 1-4 cm. broad, cones often 10 

j cm. diameter. The tree has also been known as Dammara 

I orientalis, D. alba, etc., but the copal is quite distinct from 

j dammar resin, and the tree is closely related to the kauri 

I Agathis robusta of New Zealand, which is also known as 

' D. australis. True dammar resin is probably from diptero- 

1 carpous, not coniferous, trees (Tschirch). As collected 

I by the natives, these and other resins are mixed, but are 

I separated, by sorting, by the dealers. Much of the resin 

I is obtained by cutting off strips of bark; the fresh resin 

exudes from the cut edges, colorless at first, rapidly hardens, 
and the later exudations force the earlier outward by de- 
positing underneath; thus the surface is always hard, and 
the hardening process is slow. Broken branches exude 
resin, and cut roots are a considerable source of supply. 
Recent resin is pale yellow, old or mineral resin is reddish- 
brown. Acid values were found by dissolving, as nearly 
as possible, i gm. in 50 c.cm. absolute alcohol and adding 

N 

— alcoholic KOH, and phenolpl^ithalein, expressed as mg. 
2 

KOH for I gm. resin; saponification number by heating a 

N 

similar soluble on water-bath with 25 c.cm. — KOH for 

2 

N 

one hour and adding — alcoholic HCl, expressed as KOH as 

before. The surface resin was incompletely soluble in 
J absolute alcohol, the mineral resin completely soluble. 
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Acid No. 

SaponificatlDii No. 

Fresh resin, pale yellow 

128.1 

177.8 

Mineral resin, brittle, white 

109.0 

148.0 

“ “ “ dark brown ... . 

105.7 

; 145-3 

“ “ soft, white 

134.2 

184.4 

“ “ dark brown 

131 i 

181.2 


Neutralized with alkali and distilled the fresh resin gave 
volatile oil 1.3 per cent; the mined resin, 8 to ii per cent. 
The resin acids appear monobasic and correspond approxi- 
mately to C10H15O0, C22H;,404, and the latter 

probably not from pure enough material to be correct. 
The copal also contains a neutral saponifiable substances, 
probably a lactone, and an unsaponifiable resin. Results 
do not agree with Tschirch and Koch. Serviceable varnish 
was made of Manila copal, Lumbang (tung) oil, and Benguet 
turpentine (fr. P. msularis), all local products. 

Destructive Distillation of Manila Copal: B. 'I'. Brooks, 
Philip. Jour. Sci., v., 203. H^O is .steadily given off, as 
a product of decomposition, up to 330°; frothing occurs 
up to this point; the loss is 12 to 14 per cent of the original 
sample, the soft pieces lose most; the temperature of the 
gases given off is not above 200°. When the temperature 
reaches 340° the distillate is at 330° and gradually rises. 
Below 330° the products are resin-oil, pinene, / 3 -pincne, 
lirnonene, dipen tene, camphene, water, formic acid, acetic 
acid, methyl alcohol, acetone, acetyl formaldehyrle, formal- 
dehyde, furfuraldehyde, CO^, .saturated and unsaturated 
hydrocarbons, and probably acrolein. Small pieces of 
resin yield less volatile oil than large ones, and old less than 
fresh samples, indicating that changes due to exposure lesstm 
the amount of terjienes; which vary from about ti per 
cent in soft fresh pieces to less than 4 per cent in 
smaU hard pieces; 78.7 per cent of the volatile oil boik 
155 ~i62° and consists mainly of pinene; other fractions 
were: i62°-i68° =8.6 per cent.; i68°-i7o°'=3.2 percent; 
170 -180° = 6.4 per cent; residue 3.2 per cent. Of the 
uncondensed gases given off below 330*, CO* was constant 
at 92.6 per cent; at higher temperatures less CO*, and in- 
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creasing ainnunts of unsaturatc^d and ^1! iiratrd: liydrocar- 
bons ami VO. The total b was per t/nit of flic* weight 
of resin, and is pn^bably from de<'oiiijiuHii'oit of a liydroiyl 
group. The amoiini of Hi) cf-dleclt'd tyv disiillatirni maiii 
2,4 |K*r cent of the weiglit of re.dii. hbririir and oilier 
volatile acids, about 0.5 per cenb wrr«* lollcrfi'd 'with the 
IIX); also formaldehyde, etc*. Tie' darkening of the resin 
is not due* to oxirlaticm, but probably to flir carboiii/.aliori 
of senne of thi* contents. Xiinierous rxpeririicrifs are de- 
scrilied; boiling with rellux cfind<-nsi*r 0.5 fioiir. Using ifx> 
(scm. solvtmi and 10 gm. j»owfierer| resin whiih had tieeii 
heated to 400"’ showed srdubilily in ethyl alrcdio! 05 
per cent; amy! ali'olio! ()j jier eftier 7; per cent; 

ligroiin 42 per cent; lien/.ene, 50 per c'eiil; liirpriitini% 4fi 
per cent. 

Oxidation of Manila (’ojuil by the Air; 11 , T. Brooks, 
Philip. J<mr, Sri., v., 210, It readily oxidi/ass in the air, 
and this is anaderated by sunliglil; il is ac'i'ornpafiied fiy 
an increase in the Koeltstorfer number. I'lir resin aricls 
undergo similar, but slower, oxidaf ion. (*0,, fsirriitr arkh 
Iii)y,arid forinaldcdiyde are evolved, and are probably due 
to the breaking down of oxidation prodiiclH; i.r,, oxiflnlion 
corneH first. Dige.sllon xvith alroliolic KClH raiimrs high 
KoettHiorfc*r numhers. (True of aboiil everylhiiig wliirh 
has a K. no.; Ahimrior.) The ekiiiii inimide lhal fciriiiiil- 
dc'hychi has not fireviously lm*n noled m a product of ciiicla- 
tiori of organic substaiices by the air. 

Fatekt^Lkatiike Vaiisisii 

*he varnish med on piitcmtdeatlier indifferent from all 
cithers, partly liecaim* it k black and Ihk aditiils llie tiM,t 
of iron corn |Kiy rick for driem It canilaifix no rrsiiu toil Itie 
oil ii cooked unlit when dry it shows a brilliant vafiiish 
lustre; at the same time it m flexible. If in mmk by beak 
iiig oil with akiut 4 owncei of Fruxshm for tliinescd 
blue to the gallon of oil, at a tenifierafiire of alnitii 570^" F*# 
for four to six hours. The aniouiil of tilue uMtl k 
us high as 4 {>er cent, which would In? about 5 ciuiirtfi* 
The effect of the prolonged healing in 11 itrongly miming 
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substance like linsccd-oil is to (ieconijx/se the blue, vvliich is 
a cyanide, and contains alxait 57.6 per cent <»f its weight 
as iron; or the iron is not far from 2 per cent of (he weigfit 
of the oil. Oil is capalde of taking uj) about 5,5 per cetit 
of Fe. The iron thus dissolved in tlie oil acts as a powerful 
drier. It is po.ssible to make an oil iron soaj), by .saponifying 
the oil in the usual way with .\a( )H, and tf) the soiiitimi a<lt! 
FeSO, .solution; the preci[ii(ate is <iried and dissolv/'d in 
more oil, exactly as in making a manganese drier. Sut h a 
solution is black in color, but is a most powerful drier. 

Yellow or light coiore<i {latent hsilhers are not varnisheil 
with this compound, but with an oleoresinous earn isli, best, 
made from Zanzibar resin, containing jo or 40 for more) 
gallons of oil to the 100 Ib.s. of resin. 

'I'he basis of all {latent-kuither work is a bottom coat, 
called a dauli coat, made fiy fioiiing iinsei-ri oil at a high 
temf/erature for a consideral/le lime until it ha.s a consist- 
ency like indiu-ndiher which has hecome swoil/Ti l>y ah 
sorbing na{)htha. The oil is Iioiiedwifh a slight amount 
of driers, usually raw umber. The laiiling is carried as far 
as possible and yet have najihtha mix with it. 'I his jnep 
aration is thinned with na{»hfha to suit the re<juireni<’nlrt 
of different ty{)cs of leather ami .serves as a tilling coat. It 
is applied with a curved blu<ie, about 9 ineltes long, r ailed u 
slicker. The next stej) is a light coat of varnish whic h serves 
as a basis for a heavier coat of the same materitd. 

All i)igracnt.s used are in the iKittom coats; the varnishes 
contain no color excejjt in the ca.se of .some fancy ami 
automobile leathers. 

The varnishes are made by cw/king linseed ctil with 
Chinese blue at a high temperature as already tii'scriijed. 
When the oil has reached the de.Hired consisteju y, whic h is 
usually that of molasses, sufficient naphtha Is atldecl to make 
the varnish flow readily. The leather is stoneci with a 
pumice-stone between coats and the leather well .Hpriiiklcil 
with water before the va nish is applied. 

The bottom coats are dried in rlrying-ovens at a temjx-ra- 
ture of about 120®. I'he linal varnish is rfrietl in ovens 
at about 170® and exposeti to sunlight for several hour# to 
remove a slight tackiness from the finished prwluet. 
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On line kiti skins, a mixtun- nt anti boiled oil 

is used as a bottom coat, whii h is apjilied with a sjwnge. 
This makes a very flexible ami durable coat and takes the 
place of the (laid* coat, nientitmed alcove; the varnishes on 
either type of leather beinj' the same. 

Before applyinj' a l»ottoni toat. all grease is e,xtr;uted 
from the cHrome tanned leathcT by washing the leather in 
najrhtha in large tanks prepared for tlie piirjKise. 

This description is eontined to chrome tanned leather 
as the Inilk of {wfent leather in .Xmerica ti* «!ay is made 
front chrome lanneti stock. 

The furniltire aiiii automobile leather ah»m* are vegetable 
tanned. 'I'his leather (hx'.s not have the grease extracted 
from it. 

Up tt» about trpo, all patent and ^•nalnel leather was 
made from vegetable-tanned leatlier. The main idea was 
to secure a leather which was strong anti mellow, but which 
luu! a very slight amount r»f grea.sy matter in it. As the 
leather hut I ti> In; subjetletl to a temjH'rature tjf some 170'’ 
F.. lonsitleralile .skill was retjuiretl to tan the leather 
proj>erly. 

Ftjf furniture ami earriage leather, immensit hides were 
used. T he grain which was hard ami britlk* was first 
split ftiT. leaving underneath st»me of the ^•p^dermis. The 
leather was then split into two or three thicknesst's, T’he 
horny grain part, whhh had been split oil first, was dis- 
eartleti by the patent leather man and sold for iMM^kbintiing 
and ornamental purjrostfs. The next layer was called the 
grain and was finislits! up for the best furniture and carriage 
leather, while the splits were tisafcl for variou.s inferior 
purjwscjs, suc h as cia-shlmards and mud-guards. 

Germany and Franc e excxdled in .shoe Teat her. This 
leather was made c»n the flesh .side, the grain part of the 
skin Iwing next to Ihe fcml, in »hocr.s, 

Alxnit icjoo the American fanner perfected chrome 
tanned leather so that the grain was flexible enough to hold 
a Japan and, from that time, little or no imjxjrti'fl patent 
leather has Ixicm used in America. 

At the jirescmt time, America leads the world in the manu- 
facture of ijatent-lealher. 
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PAINT; rrs (’ONSTITUTION AMI) NA'ITJRfC 
liv A. II, Sabin* 

Liquids which contain suiid iwrticlcs in susiH'nHi(tn. and 
which arc nnulc for decorative or in’otective toat inf's on 
solid surfaces, arc paints. I’lie li<juid porthin of a Ihjuid 
|)aint is called the vehicle, anti i^ essentially a sort of \’ar 
nish; that is. when e.xpo.sefi in a thin lilni to the action of the 
air it becomes a .solid, either by (.■vajioration or < heinh al 
chtinge, or lioth; in its lujUKl state it serves as a iiiediiitn for 
the appro.viniately unifonn distribution of (he solid jtar 
tides which it holds in suspimsion, ami when it has solirli 
lied it serves as a cementing or bimlinj' material to hokl 
them in place; in this way it acts as a bituh-r, and is often 
spoken of as such. The most common paint vehicle is 
linseed-oil. 

The solid particles in the Hcjuid paint arc* ccdlectively 
called the ingments. Pigments are .solicis in a state* of 
fine subdivision, either because they have been so formed 
chemically, as chemical precipitates, or have* been met haiti 
tally comminuted. 'l'ho.se which are made b> t'rinding 
arc usually so line that the greater part w*i!l pass through a 
wire .sieve of 200 meshes to the linear inch; they are ;.omc 
times sifted or bolted, but oftencr an* gnanid in a mill 
until line enough and used without .iftiiig, in whh h *.e4< 
they may contain as much as 5 [s*! cent Ui ,ua!!y le t il td 
relatively coarse particle,s; stidi. for examfile, ;il will no! 
pass a loo-mesh sieve. On the other hand, all pigment* 
contain more or less exceedingly small jiartide-*; a large 
proportion of the partklc.s of while lead are iei* than 
0.00001 inch in diameter, and probably the greater pari of 
zinc oxide and sublimed lead-sulphtite are as tine as that. 
These very line particles are the tnost valuable part of the 
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pigment; it being a general rule that when we consider 
different grades of the same pigment the finer it is the 
better. It does not follow that a poor pigment can be 
made into a good one by being finely ground; moreover, 
products of the same chemical composition may vary in 
pigment value according as they are amor[)hous or crystal- 
line as well as according to fineness. Crystalline and 
amorphous states may affect solids more radically than is 
commonly sujiposed; thus, cry.stalline suljihur differs in 
many important respects from amorphous sulphur, graphite 
and diamond from amorjihous carbon, and crystalline from 
amorphous quartz, the latter even after they are melted, 
although melting is usually thought to destroy crystalline 
structure. I'he value of pigments is a difficult, complex, 
and obscure subject; white we have considerable empirical 
knowledge of it, the reasons why values differ have not yet 
become thoroughly known, and do not constitute a matter 
for dogmatic prediction. Thus, if we consider the subject 
of a strictly protective, not decorative, coating for iron, all 
the writer’s jirejudices lead him to believe that jirecipitated 
barium-sulphate, with its very minute particles and ex- 
treme chemical stability, must be a most <lesirable pigment; 
on the other hand, all our emj>irical knowledge seems to 
prove that it is not merely worthless but injurious. 

As to the relative proportions of- pigment and oil it 
may be said that the oil is, roughly .speaking, about three 
(sometimes four) times the volume of the pigment. 

Since the pigment consists of a vast number of particles, 
with spaces between them, it is not easy to measure pig- 
ments by volume; if we know the specific gravity of the 
pigment we may determine its volume by weighing; in 
fact, this is what we practically arc compelled to do. As 
it may not be obvious to the reader how to determine the 
specific gravity of a pigment, it is well to describe the 
operation. 

The apparatus used consists of a loo c.cm. stoppered 
glass flask with narrow neck, a short-stemmed 2-inch fun- 
nel, a stiff piece of brass wire, and a burette having loo 
c.cm. capacity, the lower part' of which is graduated in 
fiftieths of a c.cm., being nearly 30 inch^ long and 


paint; its constitution and NATUKK iSi 

about il-inch cliumctur; above tiiis slemler graduated part 
is a spherical bulb of nearly So c-cm. cajiacity, then above 
this a neck on which is th(^ loo e.cm. mark, terminating 
upward in a funnel. 

'I’o find accurately tlie capacity of the tiask, it is^ lillefi 
from the burette with kerosene-oil which has previously 
been filtered, letting the burette <irain for fifteen minutes 
before taking the reading; this precaution shmild be fob 
lowed in each determination. The burette is read in 
fiftieths, which may be reduced to hundredths by mnl 
tiplying by two. Take note of the tem[»eratnre of the 
room and regulate the v<'ntilation so that it will not vary. 
It is most c(»nvenient to work at ordinary room t<-tiiper 
ature, say 20' or 2d' (h 'I’he oil and the a{>i>aratus 
should be in the room for .some time before starting the 
determination. 

Weigh out loo grammes of (he jiigment, if it is a lieavy 
one; if a light one. less; as little as 25 gramme.s may be 
enough. Place the weighed portion in the 100 e.f in. flask 
hy running througli the short stemmed funnel, using tile 
wire if necessary to aid in getting it through flu- m-ck of the 
funnel. If desirable, the flask may Ik: wenghed before ami 
after the addititm of the pigment in order to uct uralely 
find the number of grammes in it. Fill the burette* with 
kcro.sene-oil, and run the latter into (he jiigment until (he 
oil Ls level with the lOo e.cm. mark on the n<‘ck of the flask; 
then put in the glass stopper and hold the m*t k of the flask 
between the palnus of the hand.s, moving one hand f)a« k and 
forth so as to give the flask a rotary nK>vement , and welting 
the pigment thoroughly with the kerosene oil, 'f'o din 
place the last trace of air-bubbles, taj» the flask gently on a 
cloth-covered surface. After this, rermna: the glass st«»f>per 
carefully, letting any kerosene that may aditere fo it run 
down into the flask. Make the volume in tlie flask up lo 
the looc.cm. mark, adding more kero,scne from I hi* burette. 
This operation shoukl te reix*ated until the rofaling 
motion and the tapping rlo not change the apparent volume 
in the flask, denoting that all the air has been tlispiaced. 
When the volume in the flask Is constant, lt:t. the burette 
drain for the required time, then take rea<li«g. 
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A .... Capacity c^f flask. 

/C . . Readini*: of buret it*. 

C (-A—B). .Volume of pignuiit in flask. 

. .Weight in grammes j>ignient iisi'd in cieteriniriatioii. 
/i. . . .H|>ecilic gravity* 

( 

'I'o remove the kero.s<Tie from t!ii’ flask after e:u h fletermin.’i- 
tion, rinse the Husk twiee with ether am! dry with a t lirrent 
of air. 

If will now l>e seen why the apparatus is tanist rut ted as 
has h(‘en desrrihed. 'I'he vtilume of pigment taken should 
he less than 2oe.< m., hut the tiask must have a t apai ify of 
loo e.t in. in order to he able to agitate llie mi.xture td pig 
nieiit and oil enough ft> get all the air out. 'I'he Iniretle 
must thereffire have a rajiatify of loo r.ein,, * of which 
will he run into the flask ♦•very time ami therefore tan 
he (onlainetl in a hulh, withtiut grathialiiui; ami the long, 
slender bottom part is very linely graduated, giving .at • 
curate readings. 

Using this methoil, the hdltiwing sisetiiir gravities have 
iH'en foumi: 


Rt,il Ifacl ^ . . 



Oraiigt* laid. 

. , . . , . i.lUl 

ihimp* ..... 

« 



1 Cl. Oil 

WItiii,* li’rit.!, Diiiiih , 

ft fi iu fl 11,1 


fi 7 « 

SiibImirfI frail milphttlr ... 


Siiblillird bliir Irad 

<• .VI 

LilhiriiMirir. . . 

4 3 ($ 

Ziiicdtiiil wliilr 

4 41 

Ilrtgbt r«l imkh ui iri*fi 

..... S 

I ridiafi red , 

..... S ,36 

Vtnitikii ml , 

- ...... J.. Ill 

PfiriceV ftirtallk ciisidr 

1. 17 

Natural grapliite. ... 

. . ... 3 Ito 

Au:hmM*n graplilttr . . ... . ........ 

I. tl 

Ilonrdilack . 

s m 

I.Afti|itilaf:k . 

i.Sa 

C^arlwfi-bkck ... 

.1 . ii 

Wiliw cliarc«il 

..49 
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Mineral black t .w) 

Keystone filler 2.66 

White zinc 5 • 4 5 • 5 ^* 

Ochre ^ ■ 94 

Sienna 3 > 

Umber 

Barytes • • 4 ■ -.M 4 ■ 4 ^* 

Blanc fixe 4 -3 

Whiting 2.65102.74 

CaCOa precipitate ' - 5 ^* 

Gypsum 2 . 20 t o 2 . 33 

China clay - 2.62102.67 

Asbestine 

American vermilion h . 83 

Orange chrome-yellow 6,9(^ 

Medium chrome-yellow 

Lemon chrome-yellow 6.25 

Barium chromate 4 * ^’5 

Zinc chromate 3 -57 

Zinc and barium chromate 3-45 

Chrome green, blue tone 4.44 

Chrome green, yc 41 ow tone. 4 

Neutral Prussian l)lu(‘ * 94 

Ultramarine 2 40 

Silica. 5 -^*4 


To find out how many i)ounds of a given pigment are 
required to make i gallon, r.c., when added to a known 
Quantity of oil to make a mixture measuring t pillon mon- 
th an the oil alone, multiply the .specific gravity by 
(which is the weight of one U. S. gallon of wat(;r). 'Fhu.s, 
suppose white lead has specific gravity 6.6. Multiply this 
by 8.33 equals 55; or if we put together 55 lbs. c)f dry white 
lead and 3 gallons of linseed-oil we will liave 4 gallons <if 
paint; and if the specific gravity of the oil is .(>3. tlie 
4 gallons of paint will weigh about 78 lbs. or 19' a lbs. per 
gallon, and each gallon will contain i ll).s, dry white lead 
and 3 quarts of oil. 

Again, the specific gravity of .silica is 2.64. 'Chis mul 
tiplied by 8.33 equals 22 lbs. for a gallon of silica. If we 
add this 22 lbs. silica to 3 gallons of oil, as before, we have 
4 gallons of paint weighing 45 lbs., less than half the weight 
being silica. Now, if we undertake to make a paint con- 
taining by weight 90-per-cent lead and io-pcr-cent silica 
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(in the pigment), instead of adding xV of a gallon 
of our silica-paint to to- of a gallon of our lead-paint, 
we must add of a gallon of the silica-paint to 

rV of a gallon of the lead-paint. In other words, if these 
pigments have each some effect on the oil, the silica acts 
on twice as much oil in proportion to its weight as the 
white lead does. If the silica-paint is the better paint, that 
is an advantage; but if the white lead is the better paint, 
it is a loss. 

It may be worthy of note that in mixing paints no 
changes of volume are apparent; a gallon of any pigment, or 
a gallon of spirit of turpentine or benzine, added to (for 
example) 3 gallons of oil, always produces 4 gallons. 

Some years ago the late Dr. C. B. Dudley brought into 
general use the term ^^inert pigments.^’ It was a con- 
venient and useful expression, and is extensively used; but 
its meanings have always been vague, often inconsistent, 
and not infrequently contradictory. Dr. Dudley was 
chemist for the Pennsylvania Railroad, and as such had to 
do with paints for various uses, chiefly for cars and build- 
ings, and gave the subject considerable study; his writings 
helped to a more clear understanding of many paint 
problems. He and those associated with him gave these 
matters honest, intelligent, and discriminative considera- 
tion; but, like every one else, they were influenced by their 
environment. 

Freight-cars are usually painted with iron-oxide paints; 
and, whatever may be the reason, these paints are very 
durable on wood, although they may not prove so on iron 
or steel. They almost always contain a considerable 
amount of silica, partly free and partly as earthy silicates. 
It seemed evident, therefore, that silica did not destroy the 
durability of oil. But silica and the earthy silicates have 
no value as colors nor as opaque bodies, being white or 
nearly so in color and almost transparent when ground in 
oil. The opacity or hiding power of a paint depends on 
how much light it reflects; and a substance may be very 
opaque by itself, or in the air, and when mixed with oil 
appear transparent; this is because the oil has about the 
same refractive power as to hght; that is, the oil itself is 
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transparent, and if it lias the same optical qualities, or 
effect on light, as a pigment mixed with it, it brings the 
light to the fragments of solid matter, the particles of the 
pigment, in such a way that they enter them and pass 
through, instead of being reflected. Thus, uncolored glass 
is, as we all know, transparent; but the same glass, if 
finely powdered, becomes white, like snow, because thej 
little pieces each refllect some of the light instead of letting 
it pass through as it would if they were flat flakes jpth 
smooth faces; now, if we could pour some melted glass 
this white powder, and mix it completely, it would fill all 
the openings, and be like one mass of glass, and of course the 
light would go through it. We can not do this with melted 
glass, but if we have an oil that has the same qualities 
regarding light that glass has — and linseed-oil is something 
near it — we can easily wet the powdered glass with oil, 
and then it will be transparent, as though it were all oil 
or all glass. That is what we mean, practically, when we 
say that the oil and pigment have the same refractive 
power, or the same index of refraction; and that is ap- 
proximately true of oil and silica, or oil and barytes, or 
whiting, or China clay, or gypsum, and the like. On the 
other hand, if we have a pigment that is what we may 
call an essentially opaque substance, such as charcoal 
or oxide of iron, we may mix it with melted glass, or oil, or 
anything we like, and it will make no difference with it. 

But opacity or hiding power, and, what is closely re- 
lated to this, color, are not the only desirable things about 
pigments, which are used, besides these, for three other 
things; first, they make the film thicker, for paint is a thicker 
and more viscous substance than oil, and will stick on a sur- 
face if applied in a thick layer, when as much oil would 
partly run off; so a paint film is thicker than a pure oil film, 
in fact holds more oil on the surface, and so is more durable; 
second, it makes a film that, when dry, is harder than an oil 
film, because the solid particles of pigment are harder than 
dried oil, and so will stand more rubbing, and wear better; 
third, an oil film is somewhat porous when it is dry, and 
the little particles of pigment get into these pores and stop 
them, and thus make the film more impervious to air and 
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water. It is plain that there is no obvious reason why a 
transparent pigment may not be just as good as an opaque 
one for all these three purposes; and if mixed with a very 
opaque pigment, like iron oxide, might not lessen its value 
in any way, if not used in so large proportion as to thin 
down the coloring-matter enough to make it lose its dis- 
tinctive appearance; and, being cheap, would improve the 
paint by making it cheaper, and just as good, a quality 
every one is properly looking for. 

Silica is a substance which is resistant, or inert, to 
ordinary chemical action; so are barytes, China clay, and 
silicates in general; and it was assumed that they were 
quite inactive in paint, and were called inert pigments. 
To this list was added gypsum, although it was well known 
that gypsum is somewhat soluble in water, and that it is 
not allowable in paint for structural metal; but it is trans- 
parent, and on this account was classed with the others; 
for the same reason whiting or ground chalk, which is 
carbonate of lime, was called inert, although it was recog- 
nized that it is alkaline and acts chemically on oil; in fact, 
its use in small portions was defended on the ground that 
it neutralized the acidity sometimes observed in linseed-oil. 
An accurate use of the word would certainly rule out gyp- 
sum (also called terra alba) and whiting, however it might 
be with the others. 

The real nature of the relations existing between linseed- 
oil and the various pigments — or any of them — is not 
known. It has been assumed that white lead and zinc 
are active’’ pigments — that they to some unknown ex- 
tent combine with the oil. This is, so far as white lead is 
concerned, probably based on the fact that lead and oil can 
be combined, and are in fact combined to form driers; 
litharge, not white lead, is used for this purpose. It is 
said that linseed-oil, mixed with white lead, dries more 
rapidly than oil alone; to this it may be replied that Hn- 
seed-oil, mixed with silica, increases in weight, in a film, 
by absorption of oxygen, more rapidly than oil and white 
lead. Vl^te lead and oil do indeed dry more rapidly than 
oil alone; but so little is this increase that in practice it 
is not recognized; as much drier is used as with many other 
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pigments supposed to be inactive, and it is not impossible 
that the gain may be due to some physical rather than 
chemical cause. It is frequently assumed that linseed-oil 
acts on all lead pigments — white lead, red lead, litharge; 
but not on certain salts, as the chromate. Litharge is the 
monoxide of lead, PbO; oil does certainly act on this; 
red lead is a peroxide Pb304 which may be some compound 
of PbO and PboOg, the latter being regarded as the true 
peroxide; and it has long been known that in practice oil 
and red lead will soon combine to form a solid mass. Red 
lead is commonly made by roasting litharge at a rather low 
heat in a current of air, when it takes up additional oxygen 
and becomes red in color. If portions of the oxide are 
removed from time to time it will be observed, if a micro- 
scope be used, that the red color first appears on the corners 
and edges of the grains of litharge, then spreads over the 
surface, which for a time shows its yellow color more and 
more faintly, until the whole of the litharge grains appear to 
be oxidized. These grains of litharge are unequal in size, 
and while the smaller ones are completely oxidized, the 
larger ones may still retain some PbO in the centre.s; and 
in fact analysis shows this to be the case, the pro{X)rtion 
of unchanged protoxide sometimes amounting to 40 per cent, 
and often to 25 per cent. It is evident that any action 
which takes place between such red lead and oil may be 
really due to the protoxide and not to the true red lead. 

Somewhat recently the National Lead Company have 
adopted the plan of grinding the litharge in suitable mills, 
dry, until the particles are broken up into an impalpable 
powder, before making it into red lead. The result is 
that nearly all these particles are completely converted 
throughout, and the proportion of residual monoxide 
is so small as, in some cases, to be almost negli- 
gible. When such a product is mixed with oil, the 
usual action does not occur; the mixture will stand for 
months unchanged, showing that it is really the litharge 
which is the active agent. Such red lead, though it costs 
more to make, is better paint material than the ordinary 
kind. 

The product known as orange mineral, or orange lead, 
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is a pure red lead made by roasting dry wbite lead. As 
white lead costs more to make than litharge, orange lead 
costs more than ordinary red lead; but as white lead is an 
almost inconceivably :toe powder, and as, moreover, it 
contains no litharge, the red lead produced in this way is of 
the highest attainable purity. Orange lead and oil make a 
permanently fluid mixture, which will keep for years without 
chemical action, again showing that only litharge acts on 
oil. And as white lead is known to be a basic compound 
it is not unlikely that it contains a trace of protoxide, 
which would allow us to believe that this compound is 
the only one which commonly acts on oil. In fact, under 
certain conditions, white lead will at ordinary temperatures 
turn in part into litharge. The slight action which takes 
place between oil and basic lead-sulphate may be explained 
in the same way. 

In the case of white zinc we have a practically pure oxide, 
which has some action on oil, but this is especially marked if 
the oil contains, as some oil does, some free fatty acid. 
All natural oil contains a little, and some refined oils con- 
tain 8 or 9 per cent, while others are practically free of 
acid. Even when mixed with neutral oil white zinc be- 
haves in a remarkable way, as will be explained later. As 
hp been said, a common proportion of white lead and 
oil is I part of pigment to 3 of oil, by volume, making a 
paint which weighs nearly 20 lbs. to the gallon; but the 
standard zinc paint weighs 14 lbs. to the gallon. To 
deduce the proportions of zinc and oil when we know the 
weight of the paint we may proceed as follows: 

The paint =14. lbs. per gal. 

Linseed-oil = 7.7 '' 

ZnO =45. " " 

Let X = lbs. oil in i gal. paint 
— X— lbs. ZnO in i gal. paint 

— = Fraction of a gal. of ZnO 
^ = Fraction of a gal. of oil 
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Least common denominator is 346.5 

=346.5 

107.8 -f 37.3X = 346.5 
107.8 

37.3)238.7(64 = ^ 

14 — 6.4 = 7.6 = 14 — X. 

The above figures are given as an illustration. Zinc in 
oil is sometimes made up to weigh 15 lbs., but this is rather 
heavy to brush well; and the weights per gallon on both 
oil and ZnO are approximate. It will be noted, however, 
that these figures, which are not much out of the way, call 
for f gal. oil to gal, ZnO, as compared with 
oil to I gal. white lead; and the white lead is the more 
fluid paint, although the oil is three to one instead of five 
to one. 

This brings us fairly to the subject of the fluidity, or 
better the viscosity, of paints. Various forms of apparatus 
have been used to determine the viscosity of liquids, but 
paint is a rather imperfect liquid, and so far as the writer^s 
knowledge goes, the Stormer viscosimeter is the most 
satisfactory instrument to use with paint. This consists of 
a flat-bottomed cylindrical cup i| in. internal diameter by 
2J in. deep, having two radial vertical wings or septa 
I in. wide attached to its inner wall, and extending from 
the bottom to within f in. of the top, being in fact obstruc- 
tions to the rotary flow of the liquid. Within this cup is 
suspended a stirrer, the revolution of which is resisted by 
the viscosity of the liquid; this stirrer is a hollow metal 
cylinder if in. long and in. diameter, its lower end 
open, the upper end closed except that it contains four 
holes, each fo in. diameter, symmetrically arranged. 'Fhis 
cylinder is supported from above by a vertical rod or shaft, 
concentric with the cylinder, but external to it, being /Ij 
in. diameter by in. long. The end of this is attached by 
a collar and screw to the bottom of a vertical shaft which 
carries a pinion | in. diameter having 25 teeth, which in 
turn is driven by a gear $1 in. diameter with 275 teeth, to 
which large gear is attached a drum in. diameter around 
which is wound a small silk cord, the external part of which 
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passes over a small pulley and is attached to a driving- 
weight. The top of the shaft carrying the small gear carries 
also a screw or worm which engages and drives the serrated 
edge of a graduated disk or dial, one revolution of which 
marks 100 revolutions of the stirrer. The stirrer is so 
suspended that its bottom is | in. above the bottom of the 
cup, and in consequence its top is f in. below the top of the 
same; when in use the cup is filled to within | in. of its 
top with paint or other liquid which therefore stands 
f in. above the top of the stirrer. To make a hundred 
revolutions of the stirrer the weight descends about 39 in. 
The stirrer comes within A in. of each of the radial 
wings, one on each side of the cup, already mentioned. 

The index of viscosity may be defined as the force re- 
quired to produce a given shear in a given time ; if we adopt 
a minute as the unit of time, and the shear produced by 
ICO revolutions of the stirrer as the unit shear, then the 
viscosity will be the number of grammes (or units of weight) 
required to cause the stirrer to revolve 100 times in i minute. 
It is convenient to have some standard liquid to refer to; 
with thin liquids water is usually taken; with paint 95 
per cent glycerine, the viscosity of which is suitable for 
paint, is very convenient. With the instrument which 
the writer uses this requires about 230 grammes. It is 
necessary to keep the instrument clean, and oiled with a 
little thin lubricating oil; also to make allowance for the 
friction of the machine, which should be a constant quantity, 
and in the instrument referred to is about 5 grammes. 
The instrument has a friction-brake, which being opened 
allows it to start; it is used with a stop-watch. As at 
present sold it is not provided with a suitable scale-pan 
and weights, but is to be used with a fixed weight, which is 
sulBicient if we wish only to bring various mixtures to one 
standard, hence it is hke using a fixed measure instead 
of a scale. It is very important to use it at a standard 
temperature. 

With such an instrument it is possible to define the 
viscosity of paints. No doubt the degree of fineness of the 
pigment will he found to have some efiect, and very likely 
the amount of driers used will make differences. So far as 


. . „ 



paint; its constitution and NATUHE 1 91 

the writer’s experiments have gone (they have only begun) 
only mixtures of pigments with raw oil have been used, 
except that some proprietary paints have been examined. 
20^ C. has so far been used as the standard temperature, 
and 100 revolutions per minute. Some of the results are 
as follows : 


Raw linseed-oil 20.6 grammes 

Boiled linseed-oil 37 “ 

Dutch process white lead, gal. weighs 20 lbs. . . 127 “ 

White zinc, gal. weighs 15 lbs., freshly made. . 255 “ 

Same sample, after 30 days 187 “ 

Another sample white zinc, 24 days old 175 “ 

Same sample as last , 52 days old i6r “ 

Sublimed lead sulphate, gal. weighs 19 lbs 160 “ 


The very remarkable fact shown above is that zinc-and- 
oil becomes more fluid by standing; and this is true even 
if the paint is made from paste zinc^and-oil, which paste 
had been aged (paste of 2 gal. raw oil to 100 lbs. white zinc) . 

For purposes of comparison a collection was made of 
“outside white” paints, i,e., white paints made for painting 
the exterior of houses, by various makers, as follows: 


Patterson-Sargent's ICO 

Masury’s 165 

Sherwin-Williams' 1 70 

Patton’s sun-proof ' 185 

Lowe Bros.' 210 

Devoe & Reynolds' Lead and Zinc 227 

Heath <& Milligan’s 234 

Harrison Bros.' 257 

Benj. Moore’s 322 

Lucas’ 400 


Other tests made with paints mixed in the proportion of 
I part by volume of pigment to 3 of raw oil, showed 
that they stood as follows (each higher in viscosity than 
the preceding) : Terra alba, barytes, whiting, silica, white 
lead, white zinc, asbestine, China clay. 

It should be added that by correspondence it was learned 
that some of the proprietary paints were intentionally made 
high in viscosity, with the expectation that the user would 
thin them with oil or turpentine before using. 
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It does not appear that fineness has anything to do with 
viscosity since white lead and white zinc are much finer 
than terra alba or barytes, which are less viscous, and also 
they are finer than asbestine or China clay which are more 
viscous. It seems reasonable to suppose that if different 
pigments have different surface-attraction for oil, this 
quality might affect their viscosity; also, probably, their 
value as paint material. The fact that white zinc-and-oil 
loses viscosity to a considerable extent on standing is beyond 
question; not only is it measurable with the viscosimeter, 
but it is easily noticeable on brushing it out. The fact, 
also peculiar, that, when ground to a paste with a small 
quantity of oil and stored for a time in that condition, and 
afterward thinned with more oil, it still shows this property, 
may indicate that there is some component of the oil, 
existing in small amount, which is acted on by the zinc; 
which latter, being present in excess, is able to act on every 
fresh portion of oil which is added to it. White lead does 
not show this peculiarity, and the writer is not certain that 
any other pigment than zinc has it. 

The reader is now asked to recollect what has been said 
about the drying of linseed-oil, its gain and subsequent loss 
of weight, and the manner of carrying on the tests with gla,s5 
plates. Besides testing raw and boiled oil, experiments 
of this sort were made with paints composed of i part by 
volume of raw oil (without drier) and 3 parts by volume of 
each of the following pigments: white lead, white zinc, 
whiting (calcium carbonate), gypsum (terra alba), silica, 
asbestine, barytes, and China clay; with results shown in 
the accompanying diagram, which, however, records only 
the first twenty-four days. It may be added that after 
this all these curves very slowly approached the base line, 
until after eight months (at the time of writing) they are 
from to per cent above it. No doubt the fact that 
these films are four to six times as thick as the films of 
unmixed oil already described, which results from the 
other fact that they are five to ten times more viscous, 
accounts for the fact that they have not as yet lost all 
their initial gain ; the atmospheric oxygen not so readily 
reaching the lower layers of the thick films. The white 
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zinc-pamt has at present lost considerable less than any of 
the others. 

These drying-tests were carried on at ordinary room 
temperatures, in strong diffused light, near a window of 
clouded glass; but after some months the plates were re- 
moved to a comparatively dark apparatus case having glass 
front; there, as was to be expected, the oil, which before 
was colorless, became yellow. The white-lead paint 
showed this first; next came the barytes; then after a long 
interval, all the others except the zinc, which now indeed 
shows it, but in a less degree. Of course the barytes is an 
almost transparent pigment, and the yellowing is probably 
due entirely to the oil. It is well known that the oil in 
paint bleaches in the sunlight and turns yellow again in 
the shade, and that white-lead paint shows this much more 
than white zinc; but that it should appear in a barytes 
paint more than with other equally transparent pigments 
is remarkable, to say the least. 

Inspection of these drying or oxidation curves shows that 
we must probably concede the fact that these pigments 
in some way act on the oil. The asbestine, barytes, and 
China clay either promoted early oxidation or retarded 
peroxidation, more than white lead; the white-zinc curve 
almost coincides with that of unmixed oil; and the gypsum 
paint was fluid for some time after all the others were 
tolerably firm to the touch. These things cannot be acci- 
dental. The films were nearly the same in thickness; they 
were similarly prepared, and put on the same day; they 
were in the same drying-case, and had the same amount 
of light and air; the oil was absolutely the same. 

Still another set of phenomena was observed. These 
paint samples, which were ground in the laboratory, were 
preserved in well-filled, well-stoppered glass bottles. After 
standing three months it was observed that in all cases the 
pigment had settled somewhat, leaving part of the oil clear, 
on top. With white lead, whiting, and gypsum the color 
of the oil, which was unbleached raw oil, was unchanged. 
With white zinc and silica the oil was bleached, being paler 
than oil refined with sulphuric acid. With asbestine it 
was very pale (yellow), equal to a fine fuller 's-earth bleached 
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oil; the same with China clay, except that the color of the 
oil was pale green; and barytes gave a green oil, nearly as 
pale as the last. The analytical data (constants) of these 
oils have not been determined; but taken in connection 
with the drying curves and the viscosity, we must agree that 
the idea that any of these pigments is inert to oil is no longer 
to be entertained. This does not mean that they are there- 
fore without value; on the contrary, nearly all the pigments 
which are of undisputed value have long been known to 
act on the oil. It cannot be too clearly understood that 
the value of any pigment is a matter of experimental, 
empirical knowledge, and that we do not yet know paint 
phenomena well enough to make predictions of much value. 

It will not do to say, for example, that such and such pig- 
ments are inert to oil, therefore we will add certain quan- 
tities of them to secure certain results. They are not ** 
inert, and we will not get those results, or if we do they are 
caused by something we know nothing about. I am myself 
perfectly certain that my own knowledge of mixtures of 
the best-known two pigments, white ^inc and white lead, 
is less than I thought it was five years ago. 

This is because my knowledge of white zinc has increased 
a little; I know some more about white lead, and perhaps a 
little more about linseed-oil than I did hve years ago. 
Something has been said of linseed-oil, and some more will 
be found in the analytical data; it may be very well to say 
a little about white lead. 

White lead is a white pigment consisting of carbonate and 
hydrate of lead, whose formula is commonly given as 
2PbC03Pb(0H)2, which corresponds to 6 S.gi per cent 
PbCOg and 31.09 per cent Pb(OH)2; or it contains 80.12 
per cent of metallic lead. Considerable discussion has 
taken place among chemists as to whether this is the true 
theoretical formula; but in practice this is apparently about 
right. If the process of forming carbonate is allowed to 
goon, more carbonate is formed; and even with the most 
careful washing traces of metallic lead sometimes are found 
in the finished product; moreover, it retains traces of 
acetate of lead with great obstinacy; and in one way or an- 
other it is found that small variations in composition occur; 


paixt; its coNSTrn:TioN‘ and nature 197 

so that, unlike some crysta]lizt*cl j)nKiucts, the precise* 
formula is difficult to scdtkt to the satisfaction of ihmrisiH. 
But the formula given is iirohal>!y correct, (*orresi)cmcls as 
well as should be expected to the analyses, and is in fai t 
generally accepti^d. 

The most common way of preparing it in tlie IJiiitvcl 
States is l)y what is known as tlic! Dutch pr<Kx*ss. The* 
lead, which is in all whitedead manufaciunt recjuin*d to 
be of exceptional |)urity, esp(*cirdly fn*e from silvcT ami c of) 
})er, is cast in round fiat pcTforaled plates, about 5 inc hes 
across and /V of an inch thick, weighing abcnit a pcnind 
each, and lechniciilly called ‘Mnickltsd' dlu'sc* are pul 
in earthen corroding pots, 10 inches high and 6 itichi‘H in 
diameter, the lower 3 inches Ixu'ng smalDr than tin* cylin- 
drical upper part fso the buc*kles will not iuitcT), am! this 
lower part is glazed within, to hold the weak acetic: acid usecL 
About half a i>int of 2jTper“(*eni acid is put in c*at*h pot, 
and then the upjRT part is completely filled witli buckles 
which lie horizontally, one on anotluT, t)nly cast lead is 
used; if the buckles were stamped out of shc‘«!t lead the 
metal would be loo coniixict and would not c’orrocle widL 

The building where th ‘ corroding m done is called a 
stack building, and is divided into rooms, or stacks fso-called 
because the i>ots are Htacki‘d erne on another), which stac’k- 
rooms are of various sizes, frerfuently about 20 by 40 ft. in 
area, and about 30 ft. high. At first a layer of tandiark 
about 20 inches cieep is p!acc*d on the* floor^ them on tliis a 
layer of corroding pots, which are then charged willi acid 
and buckles, except a margin of about (5 inches aroum} ilie- 
edge of the surface, which is |>acke<I with land ark, and 
known as the banking.’' Boards are laid on f<ip of these 
|x>ts, and on this false* flcKir another layer cif tan bark abotit 
15 inches thick, then a layer of [Kits as tiefore which are 
charged with acid and lead buckles, and then another layer 
of boards, and so on until the stack is completed* rontalniing 
ten or twelve layers. Some means are iakeri to vimtilati* 
the different layers, the most common tieing a wikkIvii 
flue running from each tier up near the centre of the ilack 
to the top, where it may be opendi more or las as may be 
desired. 
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The tan-bark uiKhirgoes a slow combustion, apj>arently 
a fermentatkm, but no niicro-urj'anisms have been cietected, 
although carefully sought. At all events, the temperature 
rises, sometimes to tbo" or 180” F., and carbonic acid is 
given off abundantly. In presence of the acetic a<-i(l vapors 
and carbonic acid the metallic lead is con\’erted first into 
basic acetate of lead aiul then into basic carbonate, which 
is the {)igmenl. This takes from qo t( 120 days. 'Fhen 
the tan-bark is removed and used again to build another 
stack, while the {lots are emj^tied of their contents, which 
consists of white k;ad and some uncorroded metal. 

Machinery is used for mechanically separating these, and 
the white lead is finally ground in water in burr-stone mills, 
after which it is floatticl to separate any heavy partiides, such 
as metallic lead, and finally allowed to settle in settling- 
tubs. From the.se it may be pumped into gr<‘:it copper 
steam-Jacketed drying-pans, or it may while still wet be 
mixed, in suitable mechanical mi-xers, with oil, whii h has a 
greater attraction for white lead than water has and will 
displace it, leaving less than a | per cent of water in it; 
such lead is preferred by many as being .softer than that 
which has been dried by heat. 

White lead is also made in three large factories by the 
Carter process; in which the melted lead is allowed to 
trickle into a jet of superheated steam, by which it is 
“atomized” into small spherical particles. In this con- 
dition it is put into large horizontal wooden cylinders, 
which may be made to revolve and thus agitate the contents. 
Dilute acetic acid and water are from time to time sprayed 
into these cylinders, and carbonic acid, obtained by burn- 
ing very pure coke, and purified, is caused to pass through 
them; in about twelve days the lead is nearly all converted 
into white lead, which is then washed, floated, and otherwise 
treated as already described. 

Another very similar process, known as the Rowley or 
“ mild ” process, is in practical use; in this the lead is sprayed 
or “atomized” into very fine particles, the aim being to 
make it as fine as possible, so that it will mix with matter to 
form a pulp or mud, which is a condition avoided in tihe 
Carter process. This is put into revolving drums, wet, 
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^xid air blown through; no acetic acid being used. The 
lead oxidizes under these conditions, yellow hydroxides 
t>eing formed; these are carbonated by finally blowing 
Carbonic acid through the agitators. In this way white 
lead is the product obtained. 

Still another way of making white lead is by a precipita- 
tion process; the metallic lead is treated with dilute acetic 
^cid in large wooden tanks, forming basic acetate, which is 
then treated with carbonic acid gas, until a basic carbonate 
is formed. This is known as the Matheson process, a 
nnodification (as to details) of the old French or Thenard 
process, which is said to have gone out of use in France, 
but has been improved and made practicable here. 

As to the merits of these different processes it is impossible 
to speak with precision. All make merchantable white 
lead, and each has some advantages of its own. It is largely 
a.n economic question; and so far the old Dutch or stack 
process holds its own; the National Lead Co. recently 
bnilt a very large and fine new factory to operate under 
this process, which they would hardly have done unless they 
thought it on the whole the most generally satisfactory. It 
is generally believed that this process produces white lead 
which requires less oil and has greater opacity or hiding 
power than any other. The Carter lead, on the other hand, 
is whiter and finer. But all white lead has good opacity, 
working quality, and whiteness, and as for fineness the talk 
a.bout that is mostly talk; all white lead is very fine ; only a 
few other pigments are as fine. Personally, I suppose the 
best quality of lampblack is the finest pigment there is; 
next, I am disposed to believe, comes Fireman^s precipi- 
tated magnetic oxide of iron; then come, in a group, white 
5sinc, sublimed lead sulphate and Prussian blue; then the 
various white leads; and after these the deluge.” No 
doubt some of the iron oxides are comparable in fineness 
with white lead, but others of about the same colors are 
relatively coarse; and while it may be possible to grind 
pigments made of solid rock to any desired degree of fine- 
ness, it is commercially unprofitable to grind them enough 
to compare with white lead, which is a chemical precipitate, 
as are all those which precede it in the above list. 
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The only means known to the writer for differentiating 
and studying these very fme pigments is by G. W. Thomp- 
son’s ''classifier/’ a description of which, from the Free, 
oj the Am. Soc. far Testing Mdterials, voL x., 1910, is here 
given by Mr. Thompson. 

The classification of coarse materials according to size 
is very readily accomplished by means of screens. There 
are, however, many fine materials — pigments, cements, 
etc, — a large proportion of which will pass through the finest 
screens obtainable. Fig. 43 shows photomicrographs of 
No. ICO and No. 200 wire screens such as are used for 
cements, and of No. 21 silk bolting-cloth, all of which are 
magnified approximately forty diameters, (All the photo- 
micrographs shown in this paper have this same mag- 
nification.) It will be observed that the openings in the 
silk bolting-cloth are smaller than those in the No. 200 wire 
cloth. Most pigments contain but a very small portion 
which will be retained on No. 21 silk cloth, and yet they 
vary considerably in degree of fineness — that is, in the pro- 
portion of relatively coarse and relatively fine particles. 
This is evidenced by the touch, by variations in tinting 
and oil- taking power, and by the voids in the dry pigments 
when subjected to um'form pressure, etc. 

Students of paint problems especially have for a long 
time recognized the desirability of measuring the degree of 
fineness of pigments. There is no good definition at present 
covering fineness, and it would appear that much work must 
be done before this definition can be drawn up. The most 
important work in this direction is to classify the particles 
of a pigment, as far as practicable, into groups according to 
their size. We have constructed an apparatus (to be 
described later) which does this practically and effectively. 
This does not mean that the apparatus is not subject to 
Imitations, and that improvements cannot be made in the 
direction of making it more accurate and more useful for 
the purpose for which it was designed. 

It is well known that homogeneous substances fall in 
liquids with a speed that varies with their size — that is to 
say, the larger particles fall more rapidly than the smaller 
ones; and if a stream of liquid can be given a definite up- 
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ward flow, certain relatively coarse particles will settle out 
and other relatively fine particles will be floated away. 
Laboratory classifiers following this principle have been 
made for the classification of fine particles, but usually 
they have been built with the idea of making only two 
classifications. What we have attempted to do is to make 
five classifications with our apparatus in one operation. 

Bodies fall with the same speed in a vacuum, without 
regard to their size or specific gravity. In fluids the fall is 
affected by the specific gravity of the substance and the 
surface it exposes. The greater the surface the greater the 
friction which retards the fall, and as small particles present 
larger surfaces in proportion to their weights than do large 
particles, large particles fall more rapidly. The surface 
decreases as the square, while the weight decreases as the 
cube 0 : the diameter of the particles as they become smaller. 
It is probable that with a classifier working on spheres or 
cubes, very exact results could be obtained; but as particles 
vary from the spherical or cubical shape, the surface be- 
comes greater and introduces other factors. This is One 
of the limitations of classification apparatus of this kind 
which must be fully recognized. But it appears probable 
that in the case of homogeneous substances the particles 
will vary regularly in surface according to their size, even 
,if they are irregular in shape; that is to say, the very fine 
particles will be irregular equally, or approximately so, 
with the coarser particles and practical results will be ob- 
tained in their classification. 

In a classifier depending upon the vertical flow of fluids, 
the velocity of flow corresponds (according to Gallon’s 
formulas, which are based on Stoke’s studies) with particles 
of a certain size, specific gravity, and shape; that is, at a 
given velocity such particles will just stay in suspension, 
and particles slightly larger, heavier, or with less surface, 
will sink. 

There are other factors, however, than the size, shape, 
and specific gravity of the particles which determine what 
this flow should be. They are the specific gravity of the 
fluid and the specific surface relation which this fl.uid bears 
to the particles in question. If we include in one general 
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constant, C, the specific gravity of the liquid and the specific 
surface relation referred to, we can construct the follow- 
ing formula, which will give the velocity at which a given 
fluid should rise in order that particles of a certain size 
may just be kept in suspension. 

Let 7) = the velocity, C = the constant referred to, 
D = the specific gravity of the particle, d = the specific 
gravity of the fluid, and a == the linear dimension of the 
particle or its mean diameter. 

Then: 

From this it is seen that the mean diameter of the particle 
is proportional to the square of the velocity; that is, if 
we double the velocity we quadruple the diameter of the 
particles left behind, etc. 

The apparatus which we have designed is shown in detail 
in Fig. 41 . It consists of four brass cones placed one above 
the other, arranged so that the overflow from the top cone, 
passing through a funnel, discharges into the bottom of 
the second cone, and the overflow from the second cone 
passes through a funnel into the bottom of the third cone, 
and so on. 

The apparatus is arranged so that the liquid used can 
work at a constant head, which is indicated by a gauge. 
We have found it most satisfactory for the purposes for 
which we have used this apparatus to use kerosene as the 
floating medium. This selection was made on account of 
the high wetting-power of kerosene and its low viscosity. 
The apparatus was constructed at the start by guesswork, 
and we made our first cone with a base diameter of 75 
mm., and as that apparatus was constructed we found that 
working under a lo-c.cm. head we got a vertical flow of 
5 c.cm. in the top cone. The second cone was made to have 
a base area twice that of the first cone, the third cone to 
have twice that of the second, and the fourth cone to have 
twice that of the third; so that the fourth cone has one- 
eighth the speed of flow that the first cone has. Then, 
theoretically, the smallest particles caught in the fourth 
cone should have •gV of the diameter of the smallest 
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Fig. 41.- — ^Thompson’s Classifier, for Pigments and Fine Particles in 

General. 


^ pump directly connected with a H-h.p. electric motor; b, rs-in. 

ribbed glass funnel; c, s-gallon glass aquarium jar; d, steadying rods fastened to 
^11, 10 mm. diameter; e, general supporting rod, x.6 metres long, 30 mm. diameter; 
f. nng sipporte for funnels, used when cones are being cleaned; g, special glass 
funn^ with overflow; gi, glass tube to aquarium jar; rubber connection to gauge; 
h, regulating tube, 50 ram. long, 2.5 mm. diameter, fitted in neck of funnel through 
cork; t, cones set m funnels, supported on three lead wires, i mm. diameter, to 
allow for overflow from cone; j, cone No. 4, without glass funnel; jfe, millimetre 
gauge showing head; I, special tripod base; m, ^-in. block-tin piping connected by 
]™bber tubing; «, K 'in. brass piping with gate-valve, connections, etc., from pump’ o, 
> 5 -in. block-tin piping from reservoir connecting with brass pipe; Oj, K-in. block-tin 
PP®’ Jv’ special glass tee with stopcock, for starting flow; g, cast-iron rings with 
three threaded pointed bolts — supports for funnels and cones. 
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partic;k*s caught in the first (a>nc, wliitli liolcis gcjoii tliri'n.ig!i 
the series. lliis» of course, is tiaseci on the siipi'iosifiori 
that th(* particles are spheri('al or cul)ic;il. We have no 
means of determining what this ndation wtiiild Im with jKir» 
tides varying apprec'iahly from the sphtTe or ruin*. 

The diameters of the four cones as finally deddt^l iipnii 
were : 

First cdiif . 75 iiiillinirlrr’i 

Second roiu- 

1 'hird i'(nu* . I 5 «i 

Ffjiirth rrmr ........... . 212 ** 


Some troulilc w:is fxpi-rii'iim! in our I’.irly (‘.xjii'rimcnts in 
(•ontroIiinK the tlow. W'v UHcr! v.iriou.s di vici-s. and fmiini 
that the ia-st imthod of controt was hy nnaiis of a small 
glas.s tul)(' about 2.5 mm. born anri 50 mm. long. 

'I’hc How i»f liquids thnnigh tulH'S is bastrd on thn formula 
of falling bodies, the velmity of How being j>rojM»rlk»nal to 
the .scju.'ire rtK»t of the height or he, ad, exre[>t in far a,s 
thenr is a loss by friction, 'riu: simplest way of e.xpressing 
this fornnil.a is: 

V » C ”, V A - A, 


where? • the velotily, A thehe.ad, A, the loss of head 
due to fric tion, and ( ' a {!on.stant including the siisc of 
tubing through which the How takes place, gravity, crtc. 
We can calculate (\ algebraically by assuming that at any 
two {xiint.s high in the rate of tlow. C, and A, nanain con- 
stant. Having done this we ran calculate the variation in 
A|. Ordinarily we tind that alw»vc 5 c.cm,. A, is rcmsfant; 
that i.s, the loss In head due to friction is uniform alncve a 
certain head. 

After setting up the apparatus. levelling all its [»arls, and 
making sure that all the parts arc vertic:ally abive one 
another, in so far as is neces.sary, a flow c urve .dmilar to 
that shown in Fig. 42 is constructed, giving the flow in c uhic* 
centimetres for heads from i to 10 cm. If, therefore, it 
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'riit apparatus was originally (k-sigm-d for lead pigments, 
especially white lead, and we have found that the class! 
ration working with a 5-e.em. upward flow in the first com; 
gave most satisfactory results, and we have usually worked 
on JO grammes of material. In order to obtain .satisfactory 
results we believe that the amount of material used shouhl 
vary directly with the s{>ecilic gravity, and that if with 
white lead 10 grammes arc taken, then for a material having 
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a specific gravity half that of white lead, 5 grammes should 
be taken. Furthermore, the flow should, vary with the 
specific gravity according to the formula given above and 
which we repeat here: 

t» C s/afD-d) 

or if we make Cs to include C and V a, 

V Ct V l) - d 

Consequently, assuming that d is the same for all materials. 
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gravity of the material, increases, th«* 
m-ity. I,, also should increase. 

_ IS more convenient to consider the velocity in cu«>** 
M U inielres of flow, and we have standardized our apparatus, 
<> run 220 c.cni. per minute at a head of cm. (for a 5-c.cisfi. 
r K al flow this would really be 220.85 c.cm.). 

Hsunung for the time being that 

V = 220 

D = 6.60 

d ~ 0.83 

(-tin the above equation would ue approximately <l 4 t 
ami with any new material having a specific gravity of 

thf foriiuila wrould be: 

•u = 94\/J9i~' 0.83. 

li were classifying a sample of barytes and found it 54 
gravity to be 4.3, the amount taken would be b.5 
gniinnies and the flow would be: 

V 94 4.2 -- 0.8 = 176. 

I hi* velocity 176 c.cm. per minute is only approximatirly 
hc*d by this method and it may be necessary to vary 
the head of a millimeter or so to get the flow exact. 

I'ABLE I — Classification Tests 


All Values are Percentages 


Krtalnwl 

tm 

White 

Lead. 

Red 

Lead. 

Cement. 

Barytes. j 

No. I. 

No. 2. 

No. I. 

No. 2. 

Nth Mik rioth ..... 

trace 

trace 

33-33 

33-32 

0.33 

0.23 



3-42 

I- 3 I 

25-53 

26.06 

33-51 

34 - 4 H 

rf#ne. 

6.41 

9.99 

7.17 

8.17 

17.32 

I 7 . 5 <» 

rtiiii*. . . j 

6.6i 

14.98 

8.05 

6.29 

16.16 


Iiiiirlli rctm*. 

8.72 

28.70 

6.82 

7-37 1 

9.69 

9-15 

' 

74.84 

45-02 

19.10 

18.79 

22.99 

^0.95 ' 




7 * 7 ^ 
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'1‘iihie I gives the results obtained by the classificatit»r* 
of four .Hcparate materials: white lead, red lead, Portkimf 
c umt-nl. and barytes. We have no serious difficulty in «!> 
laining concordant results on white lead, red lead, ttftti 
lijirytes. We have not done enough work on cenments to 
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be sure that the apparatus is applicable to them. It is our 
custom first to put the materials to be classified through 
No. 21 silk bolting-cloth, and then to classify the particles 
that pass through this cloth. 

Figs. 44 to 47, inclusive, are photomicrographs of classi- 
fied particles of white lead, red lead, Portland cement, and 
barytes. 

Fig. 8 shows a battery of three classifiers and an arrange- 
ment whereby two classifications are made, using the first 
cone only. 

It must not be assumed that the use of this classifier is 
simple and free from difficulties. It is probable that with 
every particular material which it is desired to classify, 
some special floating medium could advantageously and 
preferably be used. We have used kerosene because it 
seemed most available for our purposes. We notice, how- 
ever, even with kerosene, that temperature affects the flow; 
that is, an apparatus standardized to deliver 220 c.cm. 
at a lo-cm. head at 60° F., will deliver a larger amount 
at 80° F., the internal friction of the kerosene being less 
at the higher temperature and the kerosene also having 
expanded somewhat. It is probable, however, that this 
higher flow is accompanied by a lessened floating effect, 
so that the result will not be affected to the extent that the 
increase in flow would indicate. There is also at times a 
tendency of particles to flocculate which we have not en- 
tirely been able to avoid. This will, of course, cause ficti- 
tious results. 

This classifier is operated as follows: The amount of the 
material to be treated is diffused in kerosene so that the 
particles are completely separated and transferred into the 
first cone. The glass tube is then lowered into the cone 
until it nearly touches the apex. The current of kerosene 
is then started, the level noted on the gauge, and the 
air sucked out of the upper part of the glass T-tube. Or- 
dinarily this is all one has to do until the classification is 
complete, which requires two hours. Sometimes the 
material to be classified settles in the first cone, in which 
case a slight tapping of the T-tube will start it in motion. 
When the classification is complete the kerosene is allowed 
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to settle and is decanted. The sediment in each case is 
washed into clock glasses with kerosene, allowed to settle, 
decanted, and washed two or three times with ether. It 
is then dried and weighed. 

It appears by using this apparatus that three-fourths or 
more of Dutch process white lead is so fine that it is prac- 
tically of immeasurable fineness. The various estimates 
which have been from time to time published of the aver- 
age fineness of pigments are the merest guesses of amateur 
microscopists, and are not of the slightest value. It is 
possible to measure, with a microscope, the largest particles 
of lead in cones i, 2, and 3; but a few of the largest in 
cone 4 obviously belong in 3, a few in 2 belong in i, and 
probably a few of the finest in i belong in 2 ; and to get a 
true average of sizes in i, 2, or 3, while it may be possible 
would be a work of great difficulty; it is doubtful if it 
could possibly be done with cone 4; and as to the residue 
comprising portion 5, which makes up the greater part of 
the pigment, it is not merely hopeless, it is as absolutely im- 
possible as it is to average’^ the apparent size of the stars 
in the sky, where each increasing telescopic power reveals 
new infinities of star-dust. The more one uses the micro- 
scope on these really fine pigments the stronger becomes 
the impression that what one appears to see consists of 
agglomerations of excessively and immeasurably fine par- 
ticles, which loosely adhere in irregular masses; and 
microphotographs show these as if they were definite 
particles of appreciable size. The really definite, hard, 
smooth particles in the coarse grades are easily seen and 
examined; but the very largest of these are only one or 
two thousandths of an inch in diameter, and these are so few 
that they form a very small percentage of the whole. 

In the coarser pigments there is always some immeasur- 
ably fine portion, but the relatively coarse portions in- 
crease in percentage, and in fact form the greater part 
of the whole. 

A microscope is an interesting and useful instrument; 
but the person who uses it is sometimes neither interesting 
nor useful, and microphoto^aphs may be made and in- 
terpreted in all sorts of ways. One of my acquaintance, 
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who is a steel expert, long carried about a microphotograph 
of a steel section, and also a photograph, slightly reduced 
in scale to make it of the same diameter as the other, 
of one of the small cakes known as “ ginger-snaps,” and no 
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one could tell which was which. From time to time the 
technical papers print pictures of microphotographs of 
painted surfaces, most or all of which might have been made 
from the surfaces or “frosting” on cakes; they are not 
14 
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made in that way, but they would be just as valuable if 
they had been. 

When we say that one white lead is finer than another, 
we mean that it has a noticeably smaller percentage of the 
particles of appreciable size. We do not say this of different 
grades of white zinc, as probably this pigment does not 
contain, such particles except as accidental impurities; 
but for most purposes, a small percentage of these relatively 
coarse particles, 'which still are for the most part less than 
a thousandth of an inch in diameter, makes no difference. 
The real reason why zinc differs from lead is not so much 
its fineness as that it is, in the best qualities, a little more 
purely white, and it bears somewhat different relations to 
oil and especially to oleoresinous varnish. It is well known 
that white-zinc paint lacks the opacity or hiding power of 
white-lead paint ; but this does not mean that white zinc is 
less opaque than white lead. It is generally estimated that 
a coating of zinc-paint is f to f as opaque as one of lead; 
but in fact a gallon of zinc-paint has from f to as much 
dry pigment, estimated by volume, as a gallon of iead-paint 
has, so that in actual opacity of the two pigments there is 
not much choice. It has already been pointed out that in 
the viscosimeter tests the zinc-paint is much more viscous 
than oil, and this is one reason why more oil has to be used 
in making a zinc-paint, and it is on that account more 
transparent, as the oil itself is so. 

We frequently hear it said that the oil is the life of the 
paint. If this were true, oil alone should be more durable 
than paint, which is far from being the fact. The value and 
use of pigment has been already explained; but too much 
pigment, like too much oil, is objectionable; and while 
roughly speaking i part by volume of pigment to 3 of oil 
is an approximation to what makes a workable paint, pig- 
ments differ from such a standard, and zinc somewhat 
widely. If we wish, for any reason, to increase the propor- 
tion of pigment, or, what is the same thing, to decrease that 
of oil, we can do so by substituting a volatile thinner like 
turpentine for part of the oil. The viscosity of turpentine 
is about a quarter that of oil on our scale, and in practice it 
is reckoned that a gallon of turpentine thins a batch of 
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paint as much as two gallons of oil. We may^, then, make 
a paint containing as little oil as we think best, and thin 
it to a working consistency with turpentine, and when it is 
dry we will have the desired proportion of oil and pigment. 
This is what we often do with white zinc; we make a paint 
too viscous to use, because we wish to keep the proportion 
of oil to pigment within a certain limit, and then thin it 
with turpentine. This does not give ns more opacity, 
because the film is thinner when dry than it would have been 
if we had not used a volatile thinner, although it is more 
opaque than a him of the same thickness would have been 
if the paint had been thinned with oil alone, which would 
have had a less percentage of pigment. It is to be observed 
particularly that on account of the thinning power of tur- 
pentine being much more than, that of oil, a turpentine- 
thinned paint has more pigment to the gallon, that is, to 
the same thickness of film, and so makes a more opaque 
film, than when only oil is used. 

There is another way to thin a thick paint-mixture, or 
semi-paste paint, without using turpentine. It has al- 
ready been said that the viscosity of mixtures of 3 parts of 
oil by volume to i of either barytes, whiting, or silica is 
much more fluid than similar mixtures of white lead. We 
may, therefore, make a three-to-one mixture of oil and zinc, 
and thin it with a similar mixture of one of these auxiliary 
pigments, and get a paint having a normal proportion of 
oil and pigment and at the same time have perfectly good 
working qualities. If these auxiliary pigments do not lessen 
the life of the oil such a paint ought to wear well, and while 
they have but little opacity they are at any rate more 
opaque than clear oil or turpentine. Moreover, such a 
paint is cheap, because these auxiliary pigments are cheap, 
which is an advantage; it is also a disadvantage, because 
it tempts the paint manufacturer to use them in excess, and 
it is well known that whatever may be their effect in small 
proportions, paints made of these auxiliary pigments alone 
with oil are of very little value as regards durability, and 
there must be a limit to their legitimate use. What this 
limit is, is not known to the writer, and he doubts if it is 
accurately known to any one, although some of the best of 
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the mixed-paint makers have a lot of experimental knowl- 
edge which they make use of, but do not communicate to 
the world at large. This limit may be small; it is certainly 
less for some pigments than for others; . the American 
Society for. Testing Materials is now undertaking an 
elaborate series of tests to determine these, among other, 
values. 

White clay (kaolin, China clay) and asbestine are auxili- 
ary pigments of a different sort; their viscosity in paints is 
high, and they increase the oil required instead of decreas- 
ing it. It is commonly believed that this quality, combined 
with the fact that their specific gravity is low, makes them 
useful to keep paints from settling in the can. They cer- 
tainly make it possible to add benzine to the paint, and 
cheapen it. 

If barytes, silica, or whiting mixed with oil in the ratio 
already mentioned be added to a similar mixture of white 
lead and oil, it will thin it, though to a less extent than 
with 2inc because the difference is less, hut there is no 
occasion to thin lead in this way, because when mixed in 
this proportion it is already thin enough to show the most 
perfect working qualities. If is often said that such mix- 
tures, especially of barytes and lead, are as opaque as lead 
alone, within certain hmits, such as lo to 20 per cent. 
This simply is not the fact, and people who arrive at such 
results are not capable or do not know the necessary con- 
ditions of carrying out a proper painting test. The way 
these tests are conducted in the laboratory with which the 
writer is connected is substantially as follows (Thompson’s 
method) : 

The test-panels are made of white-pine boards, 30 inches 
long by 10 inches wide, and f inch, thick. Each end of the 
board is provided with a cleat having a tongue fitting into 
a groove on the end of the hoard and securely nailed on. 
The entire board, including the cleats, to be finished to the 
size given above. Three of these boards are primed with, 
we will say, the following paint mixture: 


White-lead paste lOO lbs. 

Linseed-oil, one-third boiled 75 
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No attempt is made to secure a delinite amouut ot |hu!iuu 4 
paint to the unit of surface; this, for the reason that llir 
boards may vary considerably in their al>sori>t i vt* pov\(*i. 

When this priming coat is dry, each Ixaard a 

diagonal stripe of lampblack in japan about i int h uidr 
on one or both sides of the board, as may be denird. 

When this black stripe is dry it is given a s(‘C<>nfi toat ot 
paint mixed to a consistency proper for paint ing, tin* 
formula being recorded. The weight per gallon ol llu* 
paint so mixed is then obtained by finding its sprt ific ^ 

gravity and multiplying by 8.33, which gives tlu* weight | 

per gallon. Inasmuch as the board whic'li we arc* u-a’ug | 

has a total surface of 680 square inches, all we have to do is 
to find what the ratio is between 680 scj[uare incdtc*s and fhc‘ 
spreading rate at which we desire to ap)i)l3' th<* I>ajiit in 
order to find the fraction of the gallon which we udsli to 
apply to each board. If the rate adopted is i ,200 scjuart* 
feet to the gallon, then we get the formula: 

680 sq. in. : 1,200 sq. ft. :: I : .x: 

the reciprocal of being the fraction of a gallon cjf paint 
to be applied to each board, one coat. Having tin* weight 
of the paint per gallon we easily get the amount of paint 
by weight to apply to each board, one coat on all sides. 

When this second coat of paint is thoroughly dry, a similar 
coat is applied; and, when dry, the boards can be c'ornpanal 
for the covering power of the paints on them. Wi* rnc*ntion 
the painting of three boards with each paint to be c'onipa real. 

The purpose of this is that variation in results an* obtainc'd 
between boards which are apparently painted in afi 
identical manner. These variations are not great, but it 
is thought best to eliminate them, to a certain <*\i<'nt, by 
painting three boards and selecting the one giving nieiiiinii 
results for comparison with boards painted with eihcT 
paints. 

Tests conducted along these lines, we )>elie\*e, will give 
valuable and scientific results, and will enable tlie intelli^ 
gent person to draw safe conclusions. 

Let me state here, by way of illustration of thv 
of this method, one of the results obtained \yy t...vst3 eerie 
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paring pure white lead aad liaseed-oil with a mixture of 
white lead and a small amount of barytes with linseed-oiL 
The pure white lead was mixed on the formula of loo lbs. 
of white-lead paste to 30 lbs. of linseed-oil; two mixtures 
containing barytes were made on the same formula as the 
white lead and pure linseed-oil, except that to the pure 
white lead was added an amount of barytes corresponding 
to 10 per cent by volume of the white lead present and the 
amount of oil was also increased 10 per cent, so that the 
mixed paint contained in each case the same percentage of 
pigment by volume and the same amount of oil by volume. 
Another mixture was made, adding 20 per cent by volume 
of barytes to the sample of white-lead paint and a corre- 
sponding amount of oil. These three paints were then 
•compared by the above method for covering power and 
spread at the uniform rate of 1,200 square feet to the gallon. 
The result was that both paints containing barytes showed 
a very perceptible diminution in covering power. Now, 
this illustration has not for its purpose the saying of any- 
thing in favor of white lead and against barytes, but simply 
to show that if the statement is made that a small per- 
centage of barytes can be added to white lead without 
impairing its covering power, some explanation must be 
made as to the method by which such a result is obtained. 
If in any painter’s hands the result has been found that the 
addition of a small percentage of barytes did not impair 
the covering power of the white lead, it must have been 
due either to the fact that less oil was used, or that less sur- 
face was covered per gallon of the paint containing barytes 
than by the straight white lead. 

No matter what the painting test may be, whether it be 
of colored paints or white paints, whether it be with homo- 
geneous or mixed pigments, whether it be for covering 
power or durability, the essential features that we should 
insist upon are that the formula of the paint should he 
stated fully; that the thickness of the film — or what is 
the same thing, the rate at which the paint is spread- 
should also be stated. These two requisites of proper paint- 
ing tests should also be demanded in all tests for the 
permeability of paint films or their permanency, no matter 
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hiiw thc-i- tfM- may hr Il wi- vvisli to ((Hniian- 

two iiaint liliiH lor their perincalfility t)y the dextrine 
te't. wi' >iniuld know, til start with, that tliese two lilni'^ 
have ajt|troxiinately file >aiiie lliickiiess. It i> a. sah a- 
Muniifion that the'fliitker the paint tiim. the h'ss its per 
lueaiiititv. It we de-ire to iumpare two paint hints tor 
tiieir perniaiieni y . we -iiould know that tliese two paint 
lihii' are of the Nana* thiekness, as the elastieify .and ^eneiai 
life of the tihii are proiiort innate to its power of resistanee 
to oxidi/.ini; intluenies, and tlie thieker the lilni the mote 
permanent are it*, inner parts. _ 

It may he tiioueht dilVn nit to ajiply a delinite simtll 
anioimt of paint to a hoard as descrihed; hut it is not so. 
The paint i- prepared of the proper proportions; atiiiantity 
ionsiderahlv laryer than i- neetled is put in a elean lin eup 
of .aparitv'from a i.int to a quart, the hrush width is to 
he u-eti is'p»* '» ‘I; “'I' 

width will show tenths of a yramnn-; weiKhts e(|ual to the 
mimher of t'rammesof paint widt h is to he applied to the 
hoani are then removetl from the weitthtcarryiiij^ .scale ■ 
pan. so that when the ritiht amount has been aiiiilied the 
stale will halame; then the paintinK_is done. .Xfter a 
little praitiee. always usinK the same si/-e<l brush and the 
.same si/e<! hoard, the painter soon will f^et si> that h<i ean 
ajiply the retiuisite <|uantity, whieh in all tests of one series 
is the .same in volume (whieii isall the jiaiiiter t ares about I, 
within the limits of [nTmissiltle error.^ 

All the painting tests whit h the writer has setui or hearil 
of indieate that pure white {ndnls are less <lunthle than 
coloretl ones, espet daily yellovv and red. I his is j>rohahIy 
indeeii I am ini lineti to say, untlouhtetily due to the fat t 
that white pigments are in their nature transpiireiit, ami 
apjH'.'ir opatjue tinly heeause they reflet t part ot the light 
on atcounl <tf the lUfferenee in refraction between them and 
the metiiuni l>v whieh they are surroundetl. 1 bus they 
allow a t ousitierahle part tif the light to enter anti reach the 
hotlum of the tihn; as well the eheiidt al rays as any others, 
ami these iliendea! rays causi* themie.'d action, ami ton 
scfjuent liestrm lion of the paint. But if the paint is black 
tir retl or yellow, these ehemital rays are imt allovvetl to 
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enter, and the paint lasts. Green approximates to yellow, 
and is pretty good, but light greens are rather easily 
destroyed; bines are almost as bad as white, and all light 
greens and blues are fugitive colors because they admit 



Fig. 48. — Section of a Varnish Storage- Building, 
Courtesy of C. A. Willey, Long Island City, Mew Vork. 


The floors are steel gratings, which allow the light from the sky- 
light to light the whole building. The tanks are set on cement benches 
on the lower floor; on I-beanis, as shown, on the upper floors. The 
grating floors are carried on the heavy reinforced cement beams 
shown in longitudinal section. The walls are cement. 

the actinic rays as every photographer knows, and they do 
not protect the oil. Even light tints of yellow and red, 
especially red-brown, make very durable paints; Venetian, 




Fig. 49. — C. A. Willey’s Varnish Storage; Lower Floor. 
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Indian, and Tuscan reds are the most permanent colors we 
have, on wood, except, perhaps, lampblack. 

When paint perishes in service, it either wears off, 
progressively from the surface, or it peels off in flakes or 
scales from the bottom. The latter is worst, because 
always some of it adheres and it leaves a rough surface, 
unfit for repainting, especially as the portions which still 
adhere will probably flake off if paint is put over them. 
It is commonly said that this is a fault of white zinc; but 
zinc does not always do it, therefore it is a fault of the 
painter or the paint-maker. No doubt white zinc does do 
so frequently, but this only shows that it requires more 
care and skill than most other pigments; it must have the 
foundation carefully and correctly prepared (which ought 
to be done for all paints), and the right amount of oil must 
be used, which will vary with different surfaces. Its use 
is attended with more difficulties than that of white lead; 
but when used in the best possible manner it is an excellent 
paint. It is harder and less tough and elastic than white 
lead, and for that reason shows the effect of misuse and bad 
conditions worse than that paint; so much so that it is 
not often used in outdoor painting, in this country, without 
a considerable admixture of lead or other pigment, to make 
it more tractable. But it does not always show a tendency 
to peel, and therefore I do not believe it ever ought to do so. 
It is whiter than lead, and, unlike that pigment, does not 
become yellowish in places out of strong light, at least not 
appreciably ; and it mixes with oleoresinous varnishes better 
than lead, which makes it generally used for enamels. 
This is remarkable, for it does not mix well with oil which 
is at all acid, and such oil is preferred for grinding lead; 
and the trouble with varnish as a vehicle is popularly 
supposed to be its acidity. Neither of these pigments 
will mix with shellac-varnish, but enter quickly into 
chemical combination with shellac, which is an acid resin. 

White-lead paint, exposed to the weather, is said to 
'^chalk,^^ that is the oil on the surface either is destroyed 
or loses its binding power, and the lead may easily be 
rubbed off. This would not happen if it were converted 
by the action of the air into a soluble salt, which would be 



Fig. 50. — C. A. Willey’s Varnish Storage; Upper Floor. 
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washed off by the rain, nor if it was so loosely attached as 
to wash or blow away. It would be better, of course, if it 
lasted forever; but paints do not do that, and white paints 
especially. It is worth noticing that white lead colored 
with any pigment which resists actinic rays does not ex- 
hibit this chalking in anything like so considerable quantity 
as it does if left white. White zinc, contrary to the general 
belief, also chalks, if it has been used with such a proportion 
of oil and driers as to prevent it from cracking and peeling; 
but with zinc this is much less noticeable because it very 
often forms soluble salts, which in the first place are color- 
less and transparent, and in the second, are washed cff by 
the rain. 

If the observer will examine any external surface which 
has been painted with a paint containing a considerable 
proportion, say 25 per cent, of white zinc, during rainy or 
wet weather, he may notice that after rubbing the paint 
with a clean cloth, or even with the finger, something will 
come off having the peculiar bitter and styptic taste of zinc 
salts; and if he will subject this to chemical examination, 
zinc will be found in a soluble condition. M. G. Despierres, 
a white-zinc manufacturer and enthusiastic in its use, says 
that in the air near the sea, containing chlorides, the zinc 
in the paint tends to become chloride of zinc; and there is 
no doubt that, in the air of cities especially, the trace of 
sulphur in the air from the combustion of coal converts 
zinc into sulphate, which is also soluble. The lead salts, 
on the other hand, are all insoluble, at least all that are 
found in this way, and the fact that they remain in place 
gives some protection to the underlying and unchanged 
part of the film. It has seemed to the writer (but this is 
open to question) that in mixtures with white lead the latter 
seems to have a protective action on the zinc, while in 
mixtures with red lead the zinc seems to make the whole 
outer part of the film soften and decay. At all events, 
zinc is not a good material to put with red lead. 

It will be seen that a sound opini ‘.n of a paint cannot be 
quickly arrived at, because paints all decay and houses 
have to be repainted. If one paint lasts in good condition 
five years and another six, the latter is the better unless 



not afford to use it. A paint test is never ready for a 
report until the surface has been repainted at least once; 
and as any good outside paint lasts from three to five years,. 
15 


there is some other consideration; but if the lirst affords a 
good surface for repainting and the second is in such state 
that the old paint must be removed before repainting can 
begin, the cost of this removal will be so great that we can- 
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Fig. 51, — Steel Japan-Kettles. Lowe Bros. Co. 
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and not infrequently twice that time, it is a slow business; 
and alleged tests which are completed in one or two years 
are really of little or no value. In 1906 the Am. Soc. for 
Testing Materials applied nineteen kinds of paint to a 
railroad bridge, and after live years all but one or two of 
these are in excellent condition ; sami)le panels of all these 
were taken down and the paint dissolved olT with alkali, 
in 1911, when it was found that the metal was very slightly 
and superficially injured in one or two cases, and in perfect 
condition in all the others. It will take ten years, and per- 
haps more, to judge these paints properly. 

One thing seems certain: the paint chemist of the future 
must find out something definite about the effect of different 
pigments on oil. We know that different pigments make 
paints the filins of which differ in important respects; 
we also know that the wetting power of oil is different for 
different pigments; that they bleach or color the oil dif- 
ferently; and any one can by a little calculation prove 
mathematically that if any pigment is mixed with oil or 
other vehicle in the proportion by volume of i to 3 the 
particles are separated by a layer of oil averaging not far 
from half their diameter in thickness. Now if the particles 
of one paint are three times finer than those of another, 
they will be three times as close together; they will have 
more surface in the aggregate, and, if they act on the oil, will 
do so more efficiently. These are not problems that any 
one man is likely to completely solve; but the more any 
one man knows about them the more he will know about 
the real constitution of paint; and, inevitably, about a great 
many other things, for these are not trivial matters, but 
deserve serious study. 

It may, perhaps, be expected that the writer, who has 
for so many years been interested in the protection of iron 
from corrosion, should have something to add to the dis- 
cussion of this subject. The list of references which is 
given in another place is fairly full, as regards current 
periodical literature; a very valuable treatise on the sub- 
ject by Prof. J. N. Friend, with full references to earlier 
and contemporary writers, has just appeared; a little 
hook by Mr. Alfred Sang, which came out a few years ago. 
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contains some acute and suggestive observations from the 
standpoint of a professional metallurgist; and, as will be 
seen by reference to the list of papers just referred to, some 
discussion and experimentation are being carried on in re- 
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(>iu‘, those which arc alkaliiit* or ha.-^ii'. tlic other i « aiipriMie^ 
the chronuitt'S. on account ot tin* wc*!! kiiowii jnnver of 


ciironiic atid to a.ct on na-^cent Imirogeii and to irnitici* the 
^‘}>nssive state*'* in inni. 

In regard to the* first, alkalies no doul»l jirolet;! iron in 
most caises; I.nit they attack an<l destroy the veliititc amt 
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"tlia-t disposes of them. Some of the basic pigments, like 
i*eci lead, have always been known to make reliable protect- 


Fig. 54. — Varnish Storage. Louisville Varnish Co. 


ive coatings, and their position is not seriously challenged 
l>y any one. The discussion just now (temporarily, I 
1 >0110*^0) is over the value of chromates. The chromates 
of lend and zinc un(loii))te(lIy make good paints either for 
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iron or wood; they have all the qualities that we look for 
in a good pigment; but that a chromate has virtue l)y I)eing 
slightly or considerably water-solul:)le, when used in a dr\’ing 
oil as a vehicle, does not seem reasonable. If the expcTi- 
menter will powder a little dry indigo and put it in linseed- 
oil, he will find that in a few hours it, though not ai)parently 
soluble, is reduced to white indigo. It is well known that 
only powerful reducing agents will effect this, even when 
the indigo is in actual solution; in this case it appears to be, 
both before and after reduction, an insolu]>le powder. 
Now, if linsecd“Oil is as powerful a reducing agent as this 
and that it so acts may be shown in man}^ otlier wa\’s 
it is difficult to believe that an unstal>le and active oxidizing 
agent like chromic acid will long remain unacted on by it. 
It is more reasonable to believe that when chromates make 
good paints it is because they are not soluble, and in being 
good pigments they conform to the laws which go\’ern 
pigments in general. 

So far as the writer knows, this matter has not gone be- 
yond the stage of laboratory experiments and a ft‘w test 
panels, except as a matter of discussion and th(*ory; as 
has been said, our knowledge of the true theorv' of paint 
is not yet large enough to warrant positive coiuiusions 
unsupported by experimental knowledge; and tlie whole 
situation is to-day about where it was ten years ago, ex- 
cept the natural progress in making materials and opera- 
tions standard and uniform, such as the improvements 
in red-lead manufacture already described, and the in- 
creasing recognition of the need of more thorough work in 
application. 
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NOTES ON ANALYTICAL METHODS 

In the following compilation of data it is not the design 
of the writer to furnish a text-book of analysis; but to 
collect materials which either are not easily accessible, 
or are difficult to find. First on the list is the systematic 
course of analysis of Dr. P. H. Walker, chief chemist of 
the Contracts Laboratory of the Bureau of Chemistry in 
Washington. This is tolerably well known ; but it is out 
of print, and it is uncertain whether it will be reprinted; 
probably not very many chemists -have a copy. It is the 
ftiost complete short treatise on the subject known to the 
writer, and it is printed complete. It consists of pp. 
8-41 of Bulletin 109, of the Bureau of Chemistry. 

The method of separating volatile oils from varnish and 
paint, given by Walker, is the well-known Mcllhiney 
method, which has been variously modified. For many 
purposes it is usual to mix the liquid under examination 
with water and boil, without passing steam from another 
source. 

Dr. Mcllhiney’s method for varnish analysis, while not 
sufficiently detailed in its results, furnishes data which 
are of value to an expert, and is the only systematic and 
scientific attempt to analyze varnish that has come to my 
notice. It appears to me to be capable of further develop- 
ment. 

The large collection of data regarding resins made by 
Mr. Ch. CoflGignier of Paris has been presented in a con- 
densed form. For further investigation see his recent book 
on the manufacture of varnish. It is likely that some real 
knowledge of the nature of these resins may result from 
study of such facts, when supplemented by other investi- 
gations whidr they naturally suggest. The figures already 
given repr^ent a great amount of work and deserve the 
fullest recognition. 

*33 . 
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In the exanination of pigments, especially lead pig- 
ments, the work of the laboratory of the National Lead 
Company, under the direction of Mr. G. W. Thompson, 
has long been given freely to the chemical public, and some 
of the later methods are here published for the first time. 
The red-lead determination is new, rapid, and accurate. 

Too little attention has heretofore been given to the real 
specific gravity of pigments; it is a matter of great im- 
portance technically. 

Finally, the collection of references to oil, paint, and 
varnish literature requires comment. As editor of that 
section of the Abstract Journal of the American Chemical 
Society j the writer has from the first known its value. It 
might seem at first sight as if any one who has files of the 
Chemical Abstracts could easily look up the references 
for himself; but notwithstanding its excellent index, such 
is very far from being the case. At first the writer thought 
of editing these references, giving special prominence, by 
typographical means, to the more important, or leaving 
out such as were of little account; but a short trial showed 
the impracticability of this; no expert ever had knowledge 
enough to do it. Several schemes of classification were 
thought of, but nothing finally seemed of use except the 
obvious alphabetical arrangement of topics. Some in- 
dication of the subject of each paper would be desirable, 
an abstract of the abstract, but was found to be impossible. 
In its present form, covering the four volumes so far issued, 
it is believed that it will be found useful. Any one in- 
terested in an analytical method will be able to find, in 
most cases, considerable material, not only as to analysis, 
but as to the nature of the work he has undertaken, which 
latter is the foundation of analysis. 

The Journal also gives a great number of patents. The 
consideration of these tends to make one a pessimist; and 
after much consideration and some vacillations, it was 
decided to leave them out entirely. This does indeed 
leave out some important things, which are to be known 
only in this way, such as bakelite, for example; but there 
is a loss either way. 

These data are of value not only to the analyst, but to 
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the student of any branch of the subject; it is, however, 
necessary to keep them all together, and to put them some- 
where, and this place seems, on the whole, most suitable. 

ANALYSIS OF PAINT MATERIALS 

[From Bulletin No. log, Revised, of the Bureau of Chemistry 

U. S. Department of Agriculture, by Dr. Percy H. Walker; 

Feb. 28, igio. ] 

Specific Gravity Determinations. — r. Temperature Cor- 
rections: It is almost the universal custom among oil 
chemists in this country to express the specific gravity of 
oils at 15.5° C. (60° ‘F.) as compared with water at the 
same temperature. Since this temiierature is generally 
far below that of the laboratory, the determination is 
frequently made at a higher temperature and the specific 
gravity calculated, using the formula O = G' + K ( 7 ' — 
15 - 5 ° C.), in which G specific gravity at 15.5° C.; G' -~ 
specific gravity at T, and K -■= mean correction for C. 

The correction K varies somewhat for different oils, 
but the value K — 0.00064 may be taken a.s sufficiently 
accurate in most cases for both hydrocarbon and fatty oils.* 
These corrections, however, apply only to .specific gravities 
referred to water at 15.5° C. (60° F.). The common 
custom of determining specific gravity at higher tempera- 
tures compared with water at the same temperature as 
the oil gives values to which this correction docs not apply. 
If the correction is applied to such values, the results 
obtained for 15.5° C. will contain large errors. This is 
well illustrated by the following example: 

The specific gravity of a sample of oil was carefully 
determined at two temperatures, with the following results: 

j- -oc 

(1) Specific gravity at =0.9342. 

^ 5*5 

2^ 0 

(2) Specific gravity at --^s-TT ”0.9298. 

25 O. 

* For the value of K for different fatty oiln see Allen’s ** Commercial 
Organic Analysis/* third edition, 2 and for lubricating oils see 

Archbutt and Deeley, ^‘Lubrication and Lubricants/’ p* 183, 
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If the temperature correction is applied to the secfind 
value, the result is as follows: 0.9298 4 9.5 /. 0.00064 
0.93588 (specific gravity at 15.5° C.), an error far too large 
to be admissible. Now, from the known density of water 

25'''' (’. 

at varying temperatures,* the specific gravity at ' 

15.5 t.. 

may be calculated from equation 2, as follows: 


0.9298 X 


0 .99 7071 

0.999050 


0.92795. 


If to this value the correction is applied the result Is 0.92795 
4- 9.5 X 0.00064 = 0.93403, a value dilTering less than 
two in the fourth place from that actually determined, 
which is sufficiently accurate for most commercial work. 

It is a simple matter to determine the specific gravity 
at any selected temperature as compared with water at 
15.5° C., but to do so most easily it is necessary to j>ro|K.*rly 
calibrate the pyknometer or plummet. I'he ciK’fficient of 
cubical expansion of glass varies somewhat, and. while ihi.s 
correction should be applied when necessary in calilirating, 
care should always be taken to apply the correction for 
only a few degrees. The Bureau of Standard.s in cali- 
brating volumetric apparatus assumes the cubical cm'dicierU 
of expansion of glass per degree centigrade as equal to 
0.000025, and if this value is always used, on determina- 
tions within a very few degrees of the desired temi>crature, 
no appreciable error will be made. Since it i.s not safe 
to assume that the cubical coefficient of expansion of glass 
is the same for all temperatures, apparatus should l)t> cali 
brated at a temperature very near that at which the lie- 
termination is to be made. 

2. Westphal Balance . — The Westphal balance, on ac- 
count of its convenience, is frequently used in making 
specific-gravity determinations, but it is difficult to de- 
termine the errors for this instrument. The weights can 
be easily tested, but the divisions on the arm are not easily 
tested, and both may be somewhat incorrect. It is better 

* Landolt, Bornstein, and Meyerhofer, “ Physikalittche Chemixtthe 
I abellen, pp. 37 to 39: Bureau of Standards, Circular No. 19, p. 27. 


XtrrES <ix ,\KALVTIi%\E MKTHOIIS 2^7 

not to »i \Vc*.stplial but a plumni<*l. may ba 

used on an aiialytir'al balaricr. wliioh, whou i>roi>e*rIy 
calibrati'd. is a %a,*ry iisrful paar o| ajiparatus, though tlia 
trinperat iin* h rathiT liard Ui inutnA, 

ruriiiiiii Ifb 7 i,d/ia:if. ft not utH-i-vnary to naltu'c 
Wi‘ighiii|.!s to vai iiiiiru t luM tirna tioiis ontt*riiig in both 
liiiiiirralor and oi«nioiiiiiia!or would 
not iTiakr any appro*, iablo diftVr- 
riii a ill tiir rosiilt, It >htiu!d !h* 
iiiKlersloiMl tiiai both in laiibraliiig 
till* apparalas an«i in making flir 
hiHTitii/ ■■■gravity dt'lrriiiiiiali'ori all 
widghlH an* rmiflr in air. 

4. (‘fmirr n/ Pyk'pmmritrs, 
tin:* mmi arrurato work wit.}i wry 
lliiid oil.*^ Ihr Sprrii||r! IiiIh* tho 
iiioh! arriirate •form, linn appu- 
nitiis b diiliriill lo cliani, and for 
ordinary m^rk a -Hpca iiir -gravity 
fiotllr. with a «’ap t*i takr up ■ 
pandorn tin* iTifo*! t'oiivroirnt . 

A lhermoiiiii.i,‘r as |iari of l.hr 
appaniliiH adds to Iho and has 
litth* or no advanlagr; in fart, 
it has soiiii* diHtifid rlisadvaiilagvs. 

Asido from i*rrors in llir Ihoriiiom* 
lliv licjiiid,. if |)iarod in tin* 
pykiiornrirr at a low trrnpiTaUiro 
iiiifi llifii ailowrd to stand at rotnii 
ti’iTipiTatiirr iirilii fin* ihoriiioitirlor 
n*giNt-i*rs 1^.5'' l\, ifiay nut. In* of 5^., 

till’ ■siirnr lrrrij,a"rali.irf* ihi’oiiglninl , 

If a p\'kiioiiirlrr wiihmt a thrrimniirtrr is nsrd. it is 
itri'r-.-^ary lu faring if l*t iIh final frrnprralurr by krrpirig 
if ill a falfi tor moth* firtir. fly filling fho {lyknoinrtrr 
at aboil? 14'' r.„ iii'^rrliiig tin* stfipprr. amt Ifivii |ilariiig 
if ill a bali'i 'wiiirli kojii at f (b ufitil no niorr Ikjtiid 
risrs iiiit. Ilf ilio I apiliary fiibr. onr may br syro lliftl. iJlo 
wlifilf* of flir lii|t,if*! in ifir pyknoiiiolrr b at Cb 

Ilii* form of fiykfi-oriirirr shown tn Fig. $$ b f^r 
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0.1 mm. diameter 
of hole 


2 mm. diameter 
of hole 


very fluid oils, but it is not suitable for those that are very 
viscous. For the latter use the form shown in Fig. 56. 

5. Calibration of Pyknometers , — Clean and dry the pyk- 
nometer and weigh carefully after it has stood in the 
balance case for about thirty minutes. Fill with freshly 
boiled distilled water at about 14° 
C., insert the stopper, and place in 
a bath kept at exactly 15.5° C. 
When the temperature of the 
water in the pyknometer has risen 
to 15. 5^^ C., which will be shown 
by the water ceasing to rise out of 
the capillary tube of the stopper, 
wipe off the water on the top of 
the stopper, place the cap on the 
stopper, remove from the bath, 
wipe dry, and let stand until it 
has come to room temperature, 
then weigh. This will give the 
water value of the pybuometer 
at 15.5° C. Calibrate the same 
pyknometer at 50*^ C., proceeding 
in the same way, except that the 
water used in .filling the apparatus 
is about 47^^ C. and is brought up 
to 50° C. in a bath kept at exactly 
Multiply the weight of water at 50® C. 


Fig, 56 


that temperature. 


by ^"-"“—=1.011125. This product is the water value 
0.98807 ^ 

of the pyknometer at 50^ C. In determining the specific 
gravity of any oil proceed as in calibrating, only substitute 
the oil for the freshly boiled water, and divide the weight 
of oil by the water value of the pyknometer. Results are 

expressed in specific gravity at— — or — If it 

15.5 C. 15.5^ C. 

is desired to calibrate the instrument at any other tem- 
perature, proceed in a similar manner and multiply the 
weight of water found by the density of water at 15.5° C. 
(0.99905) and divide by the density of the temperature 
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used. (Use the tables of Landolt, Bornstein, and 
Meyerhofer, previously mentioned, p. 236.) 

A plummet may be calibrated in a similar manner by 
calculating the water equivalent at 15.5° C. of the volume 
displaced at the different temperatures. 

6. Hydrometers , — Hydrometers are frequently used by 
oil chemists, and when properly made are very good in- 
struments. They should be calibrated at 15.5® C. (60° F.) 
and used at that temperature when exact results are desired. 
If a hydrometer is used at any other temperature (T), the 


results should be recorded at 


i5.5^C. 


and also reduced to 


C 

- " --o p - " by applying the formula: G G' + K (T — 15.5^^ 
^ 5-5 

C.). Unless the determination is made at the temperature 
at which the hydrometer is calibrated the result should not 
be relied on beyond the third place. If more exact results 
are desired, do not use a hydrometer. 

7. Arbitrary Scales . — The expression of specific gravity 
in terms of arbitrary scales, such as Baume, is very ob- 
jectionable, since there are a number of Baume tables in 
print which differ widely. It is sometimes necessary, 
however, to report specific gravity in degrees Baume. 
When this is the case determine the specific gravity in the 


usual manner, reduce, if necessary, to 


15-5° C., 


and find 


1S.5" c. 

the degrees Baume by reference to an American standard 
table. Such a table has been recalculated and published 
by the Bureau of Standards, Circular 19, and is calculated 
by means of the following formulae: 

For liquids lighter than water: 


B° == 


140 


Specific gravity at 15.5^0. 
For liquids heavier than water: 


- 130. 


B°=I4S- 


145 


Specific gravity at 15.5® C. 
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PAINT MATERIALS 

Linseed-Oil. — i. Preparation of Sample: All tests are 
to be made on oil which has been filtered through paper 
at a temperature of between 15° and 30"^ C. immediately 
before weighing, with the exception of tests No. 6, Turbid- 
ity; No. 7, Foots; No. 9, Moisture and Volatile Matter, 
and No. 10, Ash. The sample should be thoroughly 
agitated before the removal of a portion for filtration or 
analysis. 

2. Specific Gravity . — Determine with a pyknometer, 
plummet, or hydrometer at 15.5*^ C. 

3. Viscosity . — Use the Engler-Ubbelohde method, making 
the determination at 20° C. 

4. Flash-Point, Open Cup.Sti a nickel crucible 60 
mm. in diameter at the top, 40 mm. in diameter at the 
bottom, and 60 mm. in height in a hole in the middle of a 
sheet of asbestos board 200 mm. square. The bottom of 
the crucible should project about 25 mm. through the 
asbestos. Support the asbestos on a tripod and suspend 
a thermometer reading to 400° C. in degrees in the centre 
of the crucible, so that the lower end of the thermometer 
is 10 mm. from the bottom of the crucible. Then pour 
in the oil until its level is 15 mm. below the top of the 
crucible. Place a Bunsen burner below the crucible and 
regulate the size of flame so that the thermometer rises 
9° a minute. As a test-flame use an ordinary blowpipe 
attached to a gas-tube. The flame should be about 6 
mm. long. Begin testing when the temperature of the 
oil reaches 220^ C., and test for every rise of 3^^. In apply- 
ing the test move the flame slowly across the entire width 
of the crucible immediately in front of the thermometer 
and 10 mm. above the surface of the oil. The flash-point 
is the lowest temperature at which the vapors above the 
oil flash and then go out. 

Fire-Point . — ^After noting the temperature at which 
the oil flashes continue the heating until the vapors catch 
fire and burn over the surface of the oil. The temperature 
at which this takes place is the fire-point. In determining 
the flash-point note the behavior of the oil. It should not 
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foam or crack on heating. Foaming and cracking are 
frequently caused by the presence of water. 

6. Turbidity, — Note whether the oil is perfectly clear or 
not. 

7. Foots, — ^Let a litre of the oil stand in a clear glass bottle 
for eight days and then note the amount of sediment 
formed. The highest grades of oil show no turbidity or 
foots by this test. The claim is made that sometimes 
what would be called foots by the above method is due to 
the freezing out of fats of rather high melting point. When 
a sufficient amount of the sample is available, heat one 
portion to loo*^ C. and set it a.side for the determination 
of foots, together with a sample just as it is received. Note 
also the odor of the warm oil, rubbing it on the hands; 
a small amount of fish-oil may be detected in this way. 

8. Break. — ^Heat 50 c.cm. of the oil in a beaker to 300*^ C. 
Note whether the oil remains unchanged or breaks 
that is, shows clots of a jelly-like consistency. 

9. Moisture and Volatile Matter. — ^Heat about 5 grammes 
of oil in an oven at 105° for forty-five minutes; the loss in 
weight is considered as moisture. This determination is 
of course not exact, as there is some oxidation. When a 
more accurate determination is desired, perform the whole 
operation in an atmosphere of hydrogen. 

^ 10. Ash. — Burn about 20 grammes of oil in a porcelain 
dish and conduct the ashing at as low a temperature as 
possible. The best oil should contain only a trace of ash. 
An amount as large as 0.2 per cent would indicate an 
adulterated or boiled oil. Examine the ash for lead, 
manganese, and calcium. 

11. Drying on Glass. — Coat glass plates 3 by 4 inches 
with the oils to be examined, expose to air and light, and 
note when the film ceases to be tacky. A good oil should 
dry to an elastic coherent film in three days. Varying 
conditions of light, temperature, and moisture have such 
an influence on drying tests that for comparison of one 
linseed-oil with others all samples must be run at the same 
time. 

12. Drying on Lead Monoxide, — ^Livache^s test calls for 
precipitated lead, but litharge gives equally good results. 
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Spread about $ grammes of litharge over the flat bottom 
of an aluminum dish 2.5 inches in diameter and f of an inch 
high; weigh the dish and the litharge; distribute as evenly 
as possible over the litharge 0.5 to 0.7 gramme of the oib 
weigh exactly, expose to the air and light for ninety-six 
hours, weigh again, and calculate the gain in weight to 
percentage based on the original weight of the oil used. 

13. Acid Number , — Weigh 10 grammes of oil in a 200- 
c.cm. Erlenmeyer flask, add 50 c.cm. of neutral alcohol, 
connect with a reflux air condenser, and heat on a steam 
bath for half an hour. Remove from the bath, cool, add 
phenolphthaleine, and titrate the free acid with fifth- 
normal sodium hydroxide. Calculate as the acid number 
(milligrammes of potassium hydroxide to i gramme of oil). 
The acid number varies with the age of the oil, and should 
be less than 8, though when the oil is refined with sulphuric 
acid it may show a higher acid number. Test for sulphuric 
acid. 

14. Saponification Number , — ^Weigh from 2 to 3 grammes 
of oil in a 200-c.cm. Erlenmeyer flask, add 30 c.cm. of a 
half-normal alcoholic solution of potassium hydroxide, 
connect with a reflux air condenser, heat on a steam-bath 
for an hour, then titrate with half-normal sulphuric acid, 
using phenolphthaleine as indicator. Always run two 
blaiis with the alcoholic potash. From the difference 
between the number of cubic centimetres of acid required 
by the blanks and the determinations, calculate the saponi- 
fication number (milligrammes of potassium hydroxide to 
I gramme of oil). The saponification number should be 
about 190. 

15. Unsaponifiable Matter , — ^As the saponification varies 
somewhat in pure oil, it is sometimes advisable to make a 
direct determination of unsaponifiable matter. Saponify 
from 5 to xo grammes of oil with alcoholic potassium 
hydroxide (200 c.cm. of a half-normal solution) for an hour 
on a steam-bath, using a rddux condenser. Then remove 
the condenser and evaporate the alcohol as completely 
as possible; dissolve the soap in 75 c.cm. of water, transfer 
to a separatory funnel, cool, shake out with two portions 
of 50 c.cm. each of gasoline distilled between 35® and 
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50^^ C., wash the gasoline twice with water, evaporate the 
gasoline, and weigh the iiiisapoiii&able matter, which in 
raw linseed-oil should be below 1.5 per cent; in boiled oil 
it is somewhat higher, but should be below 2 .5 per cent. 

16. lodme Number . — Weigh in a small glass capsule from 
0.2 to 0.25 gramme of oil, transfer to a 350 c.cm. bottle 
having a well-ground stopper; dissolve the oil in 10 c.cm. 
of chloroform and add 30 c.cm. of Hanus solution; let it 
stand with occasional shaking for one hour, add 20 c.cm. 
of a ro-per-cent solution of potassium iodide and 150 c.cm. 
of water, and titrate with standard sodium thiosulphate, 
using starch as indicator. Blanks must be run each time. 
From the difference between the amounts of sodium thiosul- 
phate required hy the blanks and the determination, calcu- 
late the iodine number (centigrammes of iodine to i gramme 
of oil). The iodine number of raw linseed-oil varies from 
175 to 193, though Gill states that a pure raw oil may 
give a value as low as 160. Boiled oil may- be very much 
lower. 

Make the Hanus solution by dissolving 13.2 grammes of 
iodine in 1,000 c.cm. of glacial acetic acid which will not 
reduce chromic acid, and adding 3 c.cm. of bromine. 

17. Rosin or Rosin-oil (Liebermann-Slorck Test ). — To 
20 grammes of oil add 50 c.cm. of alcohol, heat on a steam- 
bath for fifteen minutes, cool, decant the alcohol, evaporate 
to dryness, add 5 c.cm, of acetic anhydride, warm, cool, 
draw off the acetic anhydride, and add a drop of sulphuric 
acid, 1.53 specific gravity. Bosin or losin-oil gives a 
fugitive violet color. 

Spirits of Turpentine-* — r. Color: The best quality of 
spirits of turpentine should be water-white. 

2. Specific Gravity . — Determine the specific gravity with 
a pyknometer, plummet, or hydrometer at 15.5® C. Pure 
gum turpentine should have a density between 0.862 and 
0.875. Wood turpentine may, however, range from 0.860 
to 0.910 or even higher. 

3. Distillation . — Connect a distilling flask of 150 c.cm. 

* If wood turpentine has been carefully refined, it will comply with 
all the tests riv'en for spirits of turpentine, but it can almost invatriably 
be distingruisbed from the latter by its characteristic odor. . - j 
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capacity with a condenser having a thermometer. In- 
troduce loo c.cm. of turpentine and heat with a Bunsen 
burner. The initial boiling-point should be about 156® 
C., and 95 per cent should distil over between 153*5^ and 

165.5" c. 

4. Residue on Evaporation . — Evaporate 10 grammes on 
the steam-bath; the residue should be less than 2 per cent. 

5. Refractive Index . — Determine with a Zeiss direct- 
reading refractometer at 20"^ C. The index of refraction 
for gum turpentine should be from 1.4690 to 1.4740; for 
wood turpentine, 1.4685 to 1.5150. 

6. Action of Sulphuric Acid {Polymerization ). — Measure 
6 c.cm. of turpentine in a stoppered, thin-walled tube 
graduated to o.i c.cm. (carbon tubes). Place the tube 
in cold water and pour in slowly a mixture of 4 parts of 
strong sulphuric acid and i part of fuming sulphuric acid. 
Add the acid slowly, and avoid an excessive rise in tempera- 
ture. Shake the tube so as to mix the turpentine and the 
acid, ^dd finally about 20 c.cm. of the acid, stopper the 
tube, mix thoroughly, cool, allow to stand thirty minutes, 
and note the volume of unpolymerized oil that collects 
on top of the acid layer. Then let stand for eighteen 
hours and again note the volume. A pure turpentine 
should show less than 0.3 c.cm. unpolymerized at the 
end of thirty minutes, and less than 0.5 c.cm. after eighteen 
hours. 

This method will Indicate gross adulteration, but will 
not detect admixtures of very small amounts of mineral 
oil. Donk has perfected a method which determines the 
presence of as little as i per cent of mineral oil in turpentine. 
This method is as follows: 

Sulphuric acid of 38 times the normal strength (101.5 
per cent) is prepared by mixing very strong sulphuric acid 
mux fuming sulphuric acid. It must be determined by 
titration that this reagent is of the exact strength required, 
for with 37.5 times normal add (100 per cent) the turpen- 
tme is not completely destroyed, and with acid stronger 
man ior.5 per cent the amount of mineral oil dissolved 
becomes excessive. 

Place about 25 c.cm. of the spedal sulphuric add in a 
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flask having a narrow graduated neck (a Babcock bottle 
does very well), cool in ice water, add 5 c.cm. of the tur- 
pentine to be tested and cool the flask again, shaking it 
carefully and avoiding any excessive rise in temperature 
by frequent cooling. The flask should never be too hot 
to hold in the palm of the hand. Then place it in a bath 
of cold water and heat the bath at such a rate that in about 
five minutes the temperature will be 65° C. During the 
heating shake the bottle about every fifty seconds, finally 
shaking very thoroughly so as to insure the contact of 
every particle of the sample with the acid. Cool to room 
temperature and add ordinary strong sulphuric acid in 
sufficient amount to bring the unpolymerized liquid up 
in the graduated neck. Let stand over night or whirl in a 
centrifuge and read the volume on the neck. 

Pure turpentine should leave a residue of not over 0.04 
c.cm., which is not limpid and which has a refractive 
index of not less than 1.500. 

If the unpolymerized residue is 0.04 c.cm. or less, mineral 
oil may be assumed to be absent. If the residue is greater, 
calculate from it the percentage of mineral oil present. 
This will be, of course, only approximate, for there is some 
residue from pure turpentine and some mineral oil is dis- 
solved by the acid; but for all practical purposes it may be 
assumed that the errors balance one another, and hence 
it is not advisable to apply any correction. 

7. Spot Test . — Place a drop on filter-paper and allow it 
to dry at room temperature; it should leave no stain. 

8. Flash- point — Support a crucible, such as is used in 
determining the flash-point of linseeioil, in a vessel of 
water at 15"^ to 20^ C.; the water should cover about two- 
thirds of the crucible. Fill the crucible to within about 
2 cm. of the top with turpentine, insert a thermometer, 
and heat the water-bath slowly, per minute. Begin at 
37° and test for the flash at each rise of 0.5^. The turpen- 
tine should not flash under 40.5*^ C. 

Benzine and Light Petroleunj Oils. — ^The term benzine 
is used for a number of light petroleum oils. In the paint- 
ing trade it generally refers to a product of about 62® 
Baum6 (0.7292 specific gravity). The petroleum benzine 
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of the U. S. Pharmacopoeia is a lighter oil, being a light 
gasoline. 

1. Specific Gravity. — Determine with a spindle, pyk- 
nometer, or plummet at 15.5^ C. The determination can 
be made at room temperature and corrected to 15.5° C. 

2. Sulphur {Sodium Nitroprusside Test.) — ^To 100 c.cm. 
of the sample in a flask add about i gramme of bright 
metallic sodium, connect with a reflux condenser, and boil 
for one hour. Cool, add water drop by drop until the metal 
is dissolved, separate the aqueous hquid, and test with a 
drop of sodium nitroprusside solution. A fine violet-blue 
coloration indicates sulphur. 

3. Sulphur Compounds and Pyrogenous Products {U. S. 
P. Tests) —To 100 c.cm. of the sample add 25 c.cm. of a 
solution of lo-per-cent anhydrous ammonia in 95-per-cent 
alcohol (spirit of ammonia U. S. P.), add i c.cm. of silver 
m'trate solution- Boil gently for five minutes. A brown 
coloration indicates sulphur compounds or pyrogenous 
products. 

4. Residue on Evaporation. — ^Place 25 c.cm. in a 100 c.cm. 
platinum dish, heat on steam-bath for thirty minutes, 
and weigh residue. No residue should be left by this test. 

5. Fractional Distillation. — ^Light petroleum oils are 
usually tested only for specific gravity; but as light and 
heavy distillates may be mixed, the specifications would be 
improved by requiring that a certain fraction should distil 
between specified temperatures. To make this determina- 
tion distil 100 c.cm. in a roimd-bottom flask 6.5 cm. in 
diameter; the neck should be 1.6 cm. in diameter and 15 
cm. long, with a side tube set in the middle of the neck 
at an angle of 75°. The surface of the liquid should be 9 
cm. below the side tube, and the bulb of the thermometer 
just below the side tube. 

6. Benzole. — Mix the sample with 8 volumes of strong 
sulphuric acid and 2 volumes of nitric acid; heat gently for 
ten minutes, allow to cool, and note odor. The odor of 
nitrobenzole indicates benzole. 

7. Color and Odor. — ^Note color of sample and odor both 
in bulk and after rubbing on hands. 

Dry Shellac, — i, Detection of Rosin {Liebermann-Storch 
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TesC): To i gnimmo of the sample atid 15 c.cm. of acetic 
anhydride, heat gently until solution is romi>let<% cck>I, 
draw olT the acetic anhydride, and ad<i a droj> of sulphuric 
acid 1.53 siH’citic gravity. A fugitive violet color irulic-ate.H 
rosin. 

2. Determination of Rosin (Lanpnuir's Method).* 'Vo 
0.200 gramine of ground shellac, in a 250-c.cm. ciry l»ottIc 
of clear glass with a well i'ltting ground glass stopjier, add 
20 c.cm. glacial acetic acid, ami warm g<‘ntly until the shel- 
lac is dis.soh'ed (a lit tie shellac wa.'c will remain un«liss(jlvt*d 
and at least half an hour should Ik: allowed, for the shellac 
itself is dillicultly soluble). 'I’lien ad<l lo c.cm. of chloro 
form and c(K )1 the .solution down to 21" to 24'* Adfl 20 
c.cm. of \Vijs’.s i(Kline moiUK-hloride stdution, shake, and 
keej> in the dark at a temperature between 2t‘’ ami 24" (!. 
for one hour, add 10 c.c tn. <»f [K»tassium KKlitle solution, 
and titrate immediately with thio.sulj>hate 25 c.cm. may 
be run in at once anrl tlie remainder gradually with vigor 
ous shaking, adding starch solution just Irefore the end. 
The cmi imint is .sharp; any color returning after half a 
minute or so may be disregariled. If less than 35 c.cm. 
thiosulphate is ref|uired reject re.sult and rejK’at deter- 
mination. using a .smaller ejuantity of sludlac. 

The Wij.s .solution may Ik: made either by dissolving 
icKlinc monmhloride in glacial acetic acid or by dissolving 
icKline in glacial acetic acid and {rassing in dry chlorine until 
the halogen content (figuretl as iiKUne) has nearly doulded; 
there may lx* a very slight t:xces.s of iiKiine, but there must 
be no ex«;s.s of i hlorine above the theory for imitne chloride, 
I’he halogen content figured as iotiine should Ik; about 
2() grammes {K*r t.ooo c.cm. 'I'he glacial acetic acid usi;d 
must la; free from reilui ing sub.Hfant es anti have a melting 
iw>int Irntwecn 14,7" anti 15 ’ d’he thiosulphate solution 
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formula: y 


loo A — M 


, where y == per cent rosin, M 


N~M 

iodine number of shellac, N == iodine numoer ot rosin, and 
A = iodine number determined. 

In calculating the percentage of rosin, assume the iodine 
number for pure rosin to be 228, that for pure unbleached 
shellac to be 18, and for pure bleached shellac, 10. These 
figures will tend to give somewhat low results on rosin 
percentage, but should be used, as it is then safe to say 
that there is at least as much rosin present as is found by 
analysis. 

3. Alcohol Insoluble. — ^Add to i gramme of shellac 60 
c.cm. of 95-per-cent alcohol, heat to boiling and filter on a 
Gooch crucible; wash with about 60 c.cm. of boiling 95- 
per-cent. alcohol, dry at 100^ C. and weigh. 

4. Loss on Drying — Water. — Heat i gramme for two 
hours in a water-oven at loo*^ C. Loss in weight is cal- 
culated as water. 

5. Ash. — ^Determine ash on i gramme, heating only to 
dull redness. 

Shellac in Alcohol. — i. Total Solids and Ash: Evaporate 
I gramme of the varnish in a porcelain dish on the water- 
bath and dry to constant weight in steam-oven (about five 
hours). Ash residue as in dry shellac. 

2. Examination of Solvent. — Note the odor of the varnish, 
as little can be learned from the odor of the distillate. 
Distil 100 grammes of the varnish until incipient decom- 
position begins: redistil the distillate, noting the boiling- 
point, and determine the specific gravity of the distillate. 
By this means it is usually an easy matter to determine 
whether the varnish is made with wood alcohol, grain 
alcohol, or denatured alcohol. Dilute a portion with 
three times its volume of water; if benzine is present it 
will separate. 

3. Test for Rosin. — ^Do not use the residue from the total 
solids determination, but carefully weigh in a capsule a 
quantity of varnish suflicient to yield 0.2 gramme of solid 
material, evaporate to a paste, and treat the residue as 
described under ''dry shellac,'' pars, i and 2, pp. 246, 247. 

Dammar Varnish. — ^Dammar varnish, which should be a 
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solution of dammar gum in spirits of turpentine, is examined 
by the methods for oil-varnishes (p. 250). The percent- 
age and nature of the volatile oil, specific gravity, and 
flash-point are important tests. It should yield little ash, 
which should contain no lead or manganese. When flowed 
on glass it should set to touch in a very short time (less 
than thirty minutes) and mixed with zinc white should 
yield a good white enamel surface when applied to 
wood. 

In testing for rosin by the Liebermann-S torch test 
(p. 246), the light claret color characteristic of dammar 
should not be mistaken for the violet color characteristic 
of rosin. The Hirschsohn test for rosin, which is less deli- 
cate than the Liebermann-Storch method, is as follows: 

Digest about i gramme of the dried resin with ap- 
proximately 20 c.cm. of ammonium hydroxide for twenty 
minutes, filter, and acidify with acetic acid. With pure 
dammar the liquid remains clear, but if rosin is present 
a precipitate forms, and when the proportion of rosin is 
large the entire acid liquid may become gelatinous. The 
acid number of dammar is lower than that of rosin and higher 
than that of the hard varnish gums. An oil- varnish made 
of hard gums will generally have an acid number of less 
than 12. A dammar- varnish will have an acid number 
between 15 and 20, a higher number generally indicating 
the presence of rosin. 

Oil-varnish. — The methods of an analysis for varnish are 
far from satisfactory. A number of methods for deter- 
mining the amount of gums in varnish have been proposed, 
but none of them is reliable. This determination, there- 
fore, is not made, but the combined percentage of oil and 
gums is reported. 

I. Appearance ani Odor . — ^Transfer the sample if it is in a 
metal container to a glass-stoppered cylinder or bottle and 
note its appearance, color, transparency, body, and whether 
any sediment is deposited. The presence of light petroleum- 
oil or wood turpentine may often be detected by noting 
the odor of the sample. After making these observations, 
the sample should be thoroughly mixed before making 
the remaining tests. 
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2. Specific Gravity . — Determine with a pyknonu tcr, 
plummet, or hydrometer at 15. 5*^ C. 

3. Flash-point . — Determine as in spirits of turpentinr, 
but begin testing at 25° C. and stir the varnish while hi ai 
ing. A low flash-point indicates light jietrolcum oil. 

4. Viscosity . — The determination of visco.sity is .seldom 
necessary; but if desired, make the determination i*y llie 
Engler-Ubbelohdc method at 20" C. 

5. Volatile OzA.— Weigh 100 grammes of the varnish 
into a 500 c.cm. flask, connect with a spray-tr;tj) and a 
vertical condenser, and pass through it a current of steam 
first heating the flask in an oil-bath at loo'* C.; with llte 
steam still passing through, raise the tem{K,*rature of the 
bath to 130” C. Catch the distillate in a small weighed 
separatory funnel; continue <listillation until 300 r.ein, 
of water has been condensed. Portions of this water mav 
be drawn from the ccK'k of the siijiaratory funnel from I inn- 
to time, but care must be taken not to liraw out any of the 
volatile oil. Let the distillate stand until it separates into 
two layers, then draw off the water and weigh liglit oils. 
Filter the light oils through dry {laper and examine as 
directed under spirits of turpentine (p. 243). A slight 
error is caused by the solubility of turi>entine in water; 
this amounts to about 0.3 to 0.4 c.cm. for each loo c.i m. 
of water. 

When sufficient varnish is available, it is well to take 
another portion and distil, without steam or spray tr:ip. 
placing the weighed flask in an oil-bath. Note the tern 
perature of the bath at which distillation begins, am! ton 
tinue distillation at a temperature of 185“^ C. in the oil- 
bath, finally raising the temperature to 200'’ C. 'I'hU 
method generally tends to give lower results on volatile 
oils than the steam distillation methml; but the distillate 
can be tested for water-.soluble volatile litjuitls, vvhiih 
would be lost by the steam distillation. 

6. Fixed OU and Gawj.— The iiercentage of lixerl oil 
and ^ms is obtained by subtracting the percentage of 
volatile oils frona 100. A check upon this determina- 
tion is obtained by weighing the residue front the dry 
distillation. 
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7. Xumlwr. DrfiTniiiH* tiu* ac'id nunilnT iii the 
iiHiial way, minj^ logrannnesof varnish. 

8. Rmin, 'Aflrr grtling the* aci<l number, clecAant the 
alcnlioh evapnratix and a}iply t he LielK*nnanri-Stnrcli 
test fur rusin f p. 246). 

9. Asfi. ■ -Drteniiiiie tlie ash in 10 i^ramnii's, using «'t 
quart/, or fKirrelain dish and carrying out thi* d<'t,(‘nruna 
lions at a low heal... liest in tlu* inullh*. Di'UTminc* the 
reaction of the ash to liliiius paper and r?iake a qualitative* 
analysis. If is freriuently well ttj make a cpian(itat,iv<* 
(leterminaticm of lime, a large amount of whitdt inriirates 
rosin. It is sometimes advisabk* to delermint? thc! |.>erc(!nt - 
age of lead and manganese. Horne ic*ad wdll, howeviT, be 
lost in the ashing, and if a <:orre<':t lead determination is 
recfyirecl, follow the methf)d described for mixed paint 
vehicles (p. 283 1 . 

10. MisrelltinemiH, " it is not possible fr«nn such an ex- 
mnlmiikm a.s has just beem <!i?scribi*d t(.r dixdc,le on the 
value of a varnish for any particular purpose, though 
valuat)le information as to the materials used in its rnanin 
facture may Ik* oinained. An examinaiimi of thi! varnish"- 
film should, therefore, alw^ays Ik? made, ddie films are 
best marie I>y flowing the* varnish on cari*fally cleaned 
platc*s of glass, and allowdrig to <Iry at rotnn tmuperatitrit 
ill a veriiral {.Misiticai. Observe iht? lime of setting and the 
nature of the tilrii after twenty-four hours, noting the 
trans{iarefii')% hardness, eiaHlicity, ten<.ien<^y to dust by 
scTatching. etc. Aflrr tliorougli drying, immerse the plat.t* 
in %vater over nigfii, dry, and note aiijM’iirania*. dlie work* 
irig cjualily of a varruHli rruisi fa* deterintned by ajiplication 
on wood, a.iifl it is {.lesl to make this test on wvll-mmMmi 
ami j.x-?rfec:lly siiioolii 'white pine. Afiply a thin rc.Mit of 
the varnish to nmnj and allow to <lry, Haiidpa|ier down 
siTicKilh, iiiicl llieii apply the coat Ut la* te,sti*fL Clbserve 
how the mrnkh works u.nder the brush, rliaracier of coal, 
etc. Tliii patiei, after drying, may umd for further 
testing as tci whether tiic* viirnish will stand rubbing, etc. 

Japan Drier. -''.rtic analysis of Japan tlrier k coiidyctecl 
in the mine way as that of varninh. The following 
ticatbiis for Japan clrier for the FttilMelphiii & Eeacliiig 


Railroad are given in an article by Job* on Practical 'Pesting 
and Valuation of japan; 

The material desired consists of a i)urtf turi>entine 
hardener and oil drier, conforming to the following: 

ist. When equal parts by weight of the Japan and of 
pure turpentine are thoroughly mix«!d and poured over 
a slab of glass, which is then placed nearly verfical at a 
temperature of 100° h'., with a free act ess of air but not 
exposed to draft, the coating shall be hard and dry. neitlu-r 
brittle nor sticky, in not exceeding twelve minutes. 

2 ( 1 . When thoroughly mixed with {>ure raw linseed oil 
at the ordinary tcinijcraturt: in proportions of 5 jx-r c(’iit 
by weight of Japan to (;5 i)er cent Iry weight of raw linseed 
oil, no curdling shall re-sult, nor any marked se{>aration (»r 
settling on standing. 

3d. When the above mixture is flowed over a .slab of 
glass, which is then placed nearly vertical at a temjMTuture 
of 100° with free access to air hut not e.xi«»Hed to draught, 
the coating shall dry throughout, neither Ijrittle nor sticky, 
in not exceeding two hours. 

4th. *W'hen 5 c.cm. of the Japan are jKJUred into 95 c.cm. 
of pure turpentine at the ordinary teini>erature, and 
thoroughly shaken, a clear .solution shall result, without 
residue, on standing one hour. 

Stli. After evaporation of the turpentine, the solid 
residue must be hard and tough, and must not “duHl" 
when scratched with a knife. 

6th. Benzine or mineral (fll of any kind will not la: 
permitted, 

'Phis, with the following s|>eciiication t»f the U. S. Navy 
Department, will furnish a very g(XKl b:u»is for an exaitiina 
lion of Japan drier; 

I. Japan drier must not fla.sh below 105'* F. {o{>en tester); 
must be of the best quality and made from pure kauri 
gum, pure linseed-oil, pure spirits of turpentine, and lead 
manganese driers, and be free from adulterants and all 
other foreign materials; must set to touch in from one- 
fourth. to one hour, dry elastic in from eighteen to twenty- 

• Chemical Engineer, 1906, iv., i^S-aoa. 
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one hf)urs at a temperature of 70“ F., and must not rub up 
or powder under friction liy the finger. When mi.xcfl with 
{)ure raw linseed-oil in tlie projMirtion of 8 parts of oil to i 
part of drier, must remain clear for two hours and set to 
touch in from si-Y to seven hours at a temi)erature of 70" F. 

Paints.- -.SVre?/g//; 7 >x/: Tfu‘ strength of pigments doe.s 
not bear a vcTy close relationship to the chemical composi- 
tion, hence a quantitative analysis docs not necessarily 
give the information actually desired. For this reason 
the “strength test” is of great importance. A standard 
color is usually selected, hut in case no standard is used all 
of a scries of similar crolors may be compared with oner 
another. 

Weigh equal portions of the samples to be tested, and, 
if available, a standard sample; add to each equal portions 
of pure zinc oxide, the amount depending upon the char- 
acter of the color tested (this may vary from 5 to 60 times 
that of the color). Rub up each mixture on a glass plate, 
or, better, a stone slab, until there is no change in shade on 
further rubbing. Rate the samples in the order of their 
depth of tint. White pigments may be rated in a similar 
way by grinding up each with the .same colored pigment, 
such as Venetian red. With yellows use chrome green or 
Prussian blue instead of a white diluent. Add the same 
number of drops of raw linseed-oil to all samples in grinding 
for the strength test. 

White Pigments.— -I. WM(e Lead: Pure white lead is 
basic carbonate of lead and .should approach the following 
composition: 2PbC(>.iPb(C)H)2. It should be completely 
.soluble in acetic acid. I'est for barium and calcium by the 
flame test. Use an iron wire, as platinum will be ruined 
by the lead. 

(a) Total Lead. — Weigh i gramme of the sample, 
moisten with water, dissolve in acetic acid, filter and wash, 
ignite, and weigh the insoluble impurities. To the filtrate 
from the insoluble matter add 25 c.cm. of sulphuric acid 
(i: i), evaporate, and heat until the acetic acid is driven 
off; cool, dilute to 200 c.cm. with water, allow to stand for 
two hours, filter on a Gooch crucible, wash with i per 
cent sulphuric acid, ignite, and weigh as lead sulphate. 
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Calculate to total lead fId)SO, < o.6K2<;2 FlcK or c al- 
culate to basic' carbonate of lead (white h*adf by nniltiply 
ing the weight of lead suli>hate !>y 

The filtrate from the lead sulphate may In* used to test 
'for other metals, though white lead is only rari‘!y adulterated 
with soluble substaiK‘(*s; test, how(‘ver. for zirir. wliieh 
may be present as zinc' oxide. 

Tnsteaxi of dtlermining the total lead as siilj>hale it may 
be determined as lead chromate by preci|)itating th<* hot 
acetic acid solution with iK^tassiuin dicdironiate, filii*ririg 
on a Gooch crucible, igniting at a low temperature, ami 
weighing as lead chromate. 

(I)) Complete Analysis.-- When it is necessary to tiv- 
termine the exact comi)osition of a f)ure* wliiie lead, iK^al 
I gramuK* of the j)igment in a {porcelain boat in a ciirrcml 
of dry, carbon-dioxide-free air, {Xilrhing the watcT in sid 
jihuric acid and calcium chloride and the i arboii dioxide* 
in vScKla lime or potassium hydroxide (1.27 sperifu' gravity). 
By weighing the residue of lead monoxide in the boat all 
the factors for determining the total composition are cib* 
tainecL figure the carijon dioxide to lead rarlKmat.e 
(F1)C(.)3), calculate the kfad monoxide corresiKmtIing to 
the lead carbonate fld^COs) and subtract from the lolal 
lead monoxide, ('alculate the remaining lead nioiioxicli* 
to lead hydroxicie(Fb(OIl)n),€alculate the water corresfwnd- 
ing to lead hydroxide and subtract from the total xeater, 
the remainder being figured eh moisture. 

I'his method assume-s the absence of ac'etic: itdcL Thomp- 
son^ states that acetic acid varies from 0.05 per cent in 
Dutch process white lead to 0.7 |>er cent in some preripF 
tated white leads. It is then more accurate to detc?rmiiie 
the carlK)n dioxide l)y evolution; Ihis k csirdaliy the ruse 
when working with a lead extracted from an oil pmU% 
as the lead soap and unextractal oil will cause a cfinsider- 
able error by the ignition method. In delermiiiing carbon 
dioxide by the evolution method, liberate the carbon 
dioxide with dilute nitric add, have a reflux C0iicleiim*r 
next to the evolution flask, and dry the carkiti dioxide willi 

* Jmr, Soc. CMm. Ind., 1905, xxiv., 4S7. 
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calcium chloride before absorbing it in the potassium 
hydroxide bulbs. 

(c) Acetic Acid. — It is sometimes necessary to determine 
acetic acid. The Navy Department specifications demand 
that white lead shall not contain ^'acetate in excess of 
fifteen one-hundredths of i per cent of glacial acetic acid.^’ 
Thompson’s method* is as follows: 

Eighteen grammes of the dry white lead are placed in a 
500 c.cm. flask, this flask being arranged for connection 
with a steam supply, and also with an ordinary Liebig 
condenser. To this white lead is added 40 c.cm. of syrupy 
phosphoric acid, 18 grammes of zinc dust, and about 50 
c.cm. of water. The flask containing the material is 
heated directly and distilled down to a small bulk. Then 
the steam is passed into the flask until it becomes about 
half full of condensed water, when the steam is shut off and 
the original flask heated directly and distilled down to the 
same small bulk — this operation being conducted twice. 
The distillate is then transferred to a special flask and i 
c.cm. of syrupy phosphoric acid added to insure a slightly 
acid condition. The flask is then heated and distilled 
down to a small bulk — say, 20 c.cm. Steam is then passed 
through the flask until it contains about 200 c.cm. of con- 
densed water, when the steam is shut off and the flask 
heated directly. These operations of direct distillation 
and steam distillation are conducted until 10 c.cm. of the 
distillate require but a drop of tenth-normal alkali to pro- 
duce a change in the presence of phenolphthaleine. Then 
the bulk of the distillate is titrated with tenth-normal 
sodium hydroxide, and the acetic acid calculated. It will 
be found very convenient in this titration, which amounts 
in some cases to 600-700 c.cm., to titrate the distillate 
when it reaches 200 c.cm. and so continue titrating every 
200 c.cm. as it distils over. 

If the white lead cont^s appreciable amounts of 
chlorine it is well to add some silver phosphate to the second 
distillation flask and not carry the distillation from this 
flask too far at any time. 


^ Jour. Soc. Chem. Ind., 1905, xxiv., 487. 
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The method used by the chemists of the Xav\- Depart 
ment is as follows: Weigh 25 grammes of white lead in an 
ICrlenmeycr flask, add 75 c.cm. of 25-per-rent jihuspliorii 
acid, distil with steam to a 5oo c.cm. distilhite. add lo ihe 
distillatc some milk of barium carhonate, bring to a boil, 
filter, keeping the solution at the boiling-point (it is n<4 
necessary to wash), add an exca-ss of sulphuric acid to tin- 
filtrate and <letermine the barium sulphate in the usual 
manner; subtract 53 mg. from the weight of the bariuni 
sulphate and calculate the remainder as acetic addfBaSO, 
X 0.515 - CH:, COOH). Theobjectof this rather indirect 
metho(i is to avtad any error that might arise from fatty 
acids being carrieri over by the steam distillation. i'’or 
white lead that has not been ground in oil 'rhompsons 
method is to he preferred.* 

2. Lead 7 Anr Whites. French zinc is practically pure 
zinc oxide, bc*ing made from metallic zinc. American zinc 
is made by roasting zinc ores, and almost always contains 
some lead. .Sublimed lead is made Icy volatilizing galena, 
and as sphalerite is usually associated with the galena, 
it nearly always contains zinc oxide in addition to the ba.sic 
sulphate of lead. Zinc lead is essentially lead sulphate and 
zinc oxide. 

fa) Moisture. Dry 2 grammes for two hours at a tem- 
perature of 105° C. 

(b) Soluble Sulphate. Boil t gramme of the sample with 

75 c.cm. of water and 25 c.cm. of alcohol, filter, wa.sh with 
a mixture of alcohol ancl water (i : 5), and determine sui 
phuric acid in the filtrate by the usual method of precipita- 
tion with barium chloride. 'I’he soluble sulphate may be 
calculated to zinc .sulphate. 

(c) Insolulile and Total Sulphate.— Treat 1 gramme in 
a fxx>-c.cm. beaker with 10 c.cm. of water, 10 c.cm. of 
strong hydrochloric acid, and 5 grammes of ammonium 
chloride, heat on a steam-bath in a covered beaker for 
five minutes, add hot water to make about 400 c.cm., boil for 
five minutes, and filter to separate any iasoluble material. 
(A pure color should be completely dissolved.) Wash 


The? Navy Yard methodl han “A. IL S, 
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with hot water, ignite, and weigh the insoluble. To the 
boiling-hot filtrate add slowly, with stirring, 20 c.cm. of a 
lo-per-cent barium chloride solution; let stand for two 
hours on the steam-bath, filter, wash, ignite, and weigh as 
barium sulphate. Calculate the total sulphate (SO4), 
deduct from it the soluble sulphate (SO4), and figure the 
remainder as lead sulphate. 

(d) Lead and Zinc. — (i) In the Absence of Other Metals: 
Dissolve I gramme by boiling fifteen minutes with 250 c.cm. 
of water and 20 c.cm. of strong nitric acid, add 5 c.cm. of 
sulphuric acid, evaporate, and heat until all of the nitric 
^acid is driven off and copious fumes of sulphuric anhydride 
begin to come off; cool, dilute, filter on a Gooch crucible, 
wash with i-per-cent sulphuric acid, ignite, and weigh as 
lead sulphate. Deduct from this the lead sulphate ob- 
tained from the sulphate determination and figure the 
remainder to lead monoxide. Evaporate the filtrate from 
the lead sulphate to 100 c.cm., cool, add 5 grammes of 
microcosmic salt dissolved in water, then add ammonium 
hydroxide until the solution is just neutral (test with litmus 
paper). Then add 2 drops of ammonium hydroxide and 
I c.cm. of acetic acid, stir vigorously, heat on the steam- 
bath for an hour (the precipitate should assume a crystal- 
line character and settle well at the end of that time), 
filter on a Gooch crucible, wash with hot water, ignite at 
first at a very low heat and finally heat to redness, and 
weigh as zinc pyrophosphate (Zn2P207), calculate to zinc 
oxide (Zn2P207 X 0.53412 = ZnO). Deduct the zinc oxide 
present as zinc sulphate and report the remainder as zinc 
oxide. 

(2) In the Presence of Other Metals. — ^With a sample 
containing calcium or magnesium salts the lead should be 
precipitated as sulphide from hydrochloric acid solution, 
then dissolved in nitric acid, and determined as sulphate. 
The fidtrates from the lead sulphide can be used to deter- 
mine the zinc. If it is desired to make a gravimetric 
determination of zinc, boil off the hydrogen sulphide, add 
a little bromine water to oxidize any trace of iron, then 
add ammonium hydroxide in excess; only in rare cases will 
any iron appear here, but if it does, filter, redissolve, and 
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repredpitate. Manganese will be present only very rarely ; 
if present, it can be precipitated l>y adding bromine and 
warming. Make the zinc solution acid with acetic acid, 
heat to a boil, and pass hydrogen sulj)hide into the hot 
solution until it is completely saturated (for twenty to 
thirty minutes). Allow the zinc sul{)hidc to settle for five 
hours, filter, wash with hyrlrogen sulphide water, dissolve 
the zinc sulphide in hot dilute hyilrochloric acid, boil off 
the hydrogen sulphide, and determine the zinc as jiyro 
I)ho.sphate, as described. 

The hydrogen sulphide method is very troublesome on 
account of the difficulty of filtering and washing zinc sul- 
phide, an<l when calcium or magnesium is pre.sent it is 
generally better to determine the zinc volumctricaily. 
d’his is best done by Low’s method.* In the absence of 
iron and manganese take the filtrate from the lead sulphide, 
add ammonium hydroxide until alkaline, then hydrochloric 
acid until just acid, then add 3 c.cm, of .strong hyrirochloric 
acid, dilute to about 250 c.cm., and titrate with standard 
ferrocyankic just as in standardizing the solution. When 
iron and mangane.se arc pre.scnt follow the methcKi for 
oxidized ores as described by Low. 

(e) Standardizing the Ferrocyankle SoIution.“-Prei>are 
a solution of potassium ferrocyanide containing 22 gramme.s 
of the crystallized salt to the litre. Standardize this solu- 
tion as follows: Weigh carefully about 0.2 gramme of pure 
zinc and dissolve in 10 c.cm. of strong hydrochloric acid 
(sfiecifxc gravity 1.20), u.sing a 400 c.cm. covered beaker. 
Dilute somewhat, place a bit of litmus paper in the solution 
as an indicator, and make faintly alkaline with ammonium 
hydroxide. Again acidify faintly with hydrfjchloric acirl 
and then add 3 c.cm. excess of the strong acid. Dilute 
now to about 250 c.cm. and heat nearly to boiling. 

Titrate the hot liquid with the ferrocyanide solution as 
follows: Pour off about one-third of the zinc solution and 
it aside in a beaker. Titrate the remainder by running 
in a few cubic centimetres at a time until a drop, when 
tested on a porcelain plate with a drop of a 5-per-cent 

• ** Technical Methodn of 0.fe p, »0f* 
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ution of uranium nitrate, shows a brown tinge. Now 
i the greater part of the reserved portion and continue 
i titration more cautiously until the end-point is again 
jsed. Finally, add the last of the reserved portion, and 
save rinsing out the beaker, pour a large part of the 
ution back into it again and then empty it once more. 
Finish the titration very carefully, ordinarily by testing 
er each addition of 2 drops. Instead of using a single 
)p of the zinc solution for the test, the reaction is sharper 
1 quantity equivalent to several drops is taken. If this 
done near the end of the titration the amount of zinc 
t thereby will be insignificant. A convenient way of 
iking the test is to use a medicine-dropper and place a 
gle drop of the uranium solution in each depression 
the test-plate at the outset. By using a glass tube 
itead of a rod for a stirrer, any desired quantity of the 
ution can be quickly removed for a test. When the 
al brown tinge is obtained, note the reading of the burette, 
d then wait a minute or two and observe if one or more of 
s preceding tests do not also develop a cplor. The end- 
int is always passed by a test or two and the burette 
iding must be corrected accordingly. A further corrcc- 
>n must also be made for the amount of ferrocyanide 
quired to produce a color under the same conditions 
len no zinc is present. This is ordinarily 2 drops. One 
:m. of the standard solution will equal about 0-005 
amme of zinc. 

3. Calcium Pigments , — ^Whiting is calcium carbonate and 
used extensively as an adulterant. Plaster of Paris is 
hydrated calcium sulphate and gypsum is the natural 
Crated calcium sulphate (CaS04 + 2HP). Besides these 
precipitated calcium sulphate is used, especially as a basis 
)on which to precipitate aniline colors. A microscopic 
amination is therefore of importance. 

Free lime is objectionable and is especially to be looked 
r in whiting. Boil 2 grammes of the sample for five 
inutes wiyth 100 c.cm. of water and add phenolphthaleine. 
red color develops, free lime may be assumed to be present, 
lough the alkaline reaction may possibly be due to hy- 
rates of sodium or potassium. 
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For quantitative analysis, when such is necessary, toil 
r gramme of the sample with 25 c.cm. of hydrochloric acid 
(1:1), add 150 c.cm. of water, boil, filter, wash, ignite, and 
weigh the insoluble. Precipitate iron and aluminum 
hydrates from the filtrate with ammonium hydroxide, 
dissolve in hydrochloric acid and reprecipitate, wash, ignite, 
and weigh. Unite the filtrates from the iron and alumina 
precipitation, heat to boiling, add slowly 25 c.cm. of a boil- 
ing solution of ammonium oxalate (the solution should be 
saturated at room temperature) ; let stand on the steam - 
bath for one or two hours, filter, wash free from chlorides 
(cold water is better for washing than hot water), and 
determine the calcium by igniting to constant weight in a 
platinum crucible. A blast-lamp is generally recommended 
for this purpose, but if a platinum triangle is used to support 
the crucible, from fifteen to thirty minutes’ ignition with a 
good Bunsen burner will convert the oxalate entirely to 
oxide with less danger of loss than with a blast. If great 
accuracy is required, it is well to dissolve the calcium 
oxalate in hydrochloric acid and reprecipitate. 

Instead of weighing the calcium as CaO, it may be deter- 
mined volumetrically by titrating with potassium perman- 
ganate as follows : Precipitate as described, and wash free 
from ammonium oxalate (when free the filtrate will not react 
for chlorides). Return the moist precipitate to the beaker 
by washing with a stream of water, remove the small quan- 
tity remaining on the paper with hot dilute sulphuric acid, 
add 20 c.cm. of sulphuric acid (1:1), dilute to 300 c.cm., 
heat to about C., and titrate with tenth-normal potas- 
sium permanganate (i c.cm.= 0.0028 gramme of calcium 
oxide). Evaporate the filtrate from the calcium oxalate 
to about 100 c.cm., make neutral by the addition of hydro- 
chloric acid, if necessary cool in ice-water, add an excess of a 
solution of sodium ammonium phosphate, stir, allow to 
stand for fifteen minutes, then add 20 c.cm. of strong 
ammonium hydroxide, stir well, allow to stand for two 
hours, fdter in a Gooch, wash with 2-per-cent ammonium 
hydroxide, ignite gently at first and finally to a bright red, 
and weigh as magnesium pyrophosphate (Mg2P:^07) . 

4. Barytes. — Barytes, being one of the cheapest white 
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|.)i|::^nic‘nts, is sekltHii adulterated. It should h<* whiic* and 
well ground. A microscopic examination sliould he mack* 
to determine the evenness of grinding, the size and angular 
ity of the particies^ and whether they are amorphous or 
crystalline. 

(a) Moisture.— Dry 2 gramnies of the samf>le at los" 
for two hours. The loss in weight represents the 
moisture. 

(b) Insoluble.— Boil i gramme in hydroclilorit acid 
ft : 3'h eva{>orate to dryrucss, moisten with liydrorhlorie 
ac'id. dilute with water, hoik filter, and wash. If a previous 
fjualitalive examination has dc‘tennined the* ahseru'c* cjf 
lead and other easily reducaal incUals, ignite in f)Iatinuni, 
weigh, and calculate the total insoluble; this may generally 
be safely cak ulatc’d to barium sulphate (BaSOib but tc» 
determine any silicaa that may he* j>resent add hydrofluoric 
acid and suliihiiric acicl, evaqioratt* flu* acids, ignite, and 
weigh; calculate the loss as silicam dic^^idc*. 

(c) Alumina and Oxides of {nm. Add anunonium hy^ 
droxide to the filtrate from the legal insolulite, l#oib filler, 
wash, ignite, and %eeig}i as oxide of iron and aluriiina. 

(d) Lime.--' Precipitate W'itli a,miiioniuni oxal«ite from the 
filtrate from oxide of in«i and alumina, filler, wash., ignite, 
and weigh as calduni oxide or iiirale wtlli jKgassiiitrit iK*r 
iiianganatcn 

fe) Soluble S«Iphali:v-'-dioil 1 graiiime with 20 .c!a:»n of 
sirring hydrodiioric add, dilute tn joor.rm- with hot water, 
iMiil, filter, wa.sh, aiic.| determine the sulphate tii the fillratr* 
tiy pred|.iilaticiii with barium chloride in the usual rtiaririrr, 
(’alcijiaie to raldufii sulpliaie. If earbortaies a.re |iresi.mt. 
calculate the reiiiatiiiiig calcium oxide to caldiim rarboriale 
I whiting); if carbonates are ab?amt calculate the ri;?riiiiiiirk.*r 
lis liriite 

(f) Loss on Ignition,— Ignite 1: gramme in 11 platiriiirii 

I, ... ......... ...A.. 
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5. Lithopone . — Lithopone should contain about 65 per 
cent of barium sulphate, the remainder being zinc sulphide 
with small amounts of zinc oxide and carbonate. 'Phis 
substance is also called ponolith and licckton white. 

(a) Analysis of Pure Lithopone (Drawe). -(i) Moisture: 
Heat 2 grammes of the sample for two hour.s at 105" C. 
There should be less than 0.4 per cent of moisture. 

(2) Insoluble and Total Zinc.—l'ake 1 gramme in a 200- 
c.cm. beaker, add 10 c.cm. of strong hydrochloric acid, mix, 
and add in small portions about a gramme of r>otassium 
chlorate; then heat on the water-bath until about half of 
the liquid is evaporated. Dilute with hot water, a<lcl 5 
c.cm. of dilute sulphuKc acid (i : 10), boil, allow to settle, 
filter, wash, ignite, and weigh the insoluble which will be 
total barium as barium .sulphate, together with any other 
insoluble. Make a cjualitative examination for alumina and 
.silica (not likely to be present). Heat the filtrate from the 
insoluble to boiling, add sodium carbonate solution, drop 
by drop, until all of the zinc is precipitated as carbonate, 
filter on a Gooch, wash, ignite, and weigh as zinc oxide. 

(3) Zinc Sulphide. — Digest i gramme with 100 c.cm. 
of i-per-ccnt acetic acid at room temperature for one-half 
hour, then filter and wash; determine the zinc in the filtrate 
as in the preceding analy.sis. The difference between the 
total zinc oxide and the zinc oxide .soluble in acetic add 
multiplied by 1.1973 gives the zinc present a,s sulphide. 
The zinc soluble in acetic acid may be rejiorted m oxide,' 
though it may be partly carlxmate. I'hm scheme of 
analysis assumes the absence of impurities such as salts of 
iron, etc., and is the methoci of P. Drawe.* 

(b) Analysis of Lithopone in the Presence of Foreign 
Substances (Copalle).--Copalle f proposes the following 
method of analysis: 

(1) Soluble Salts. — W^h 2 grammes with hot water and 
determme the nature of the .soluble salts. 

(2) Moisture.— “Determine on 2 grammes the loss in 
weight on a steam-bath. 
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(3) Insoluble. — Oxidize 1 gramme with nitric acid of 
40° B. fi.38 specific gravity), at finst cold, then hot. 
I’hen add hydrochloric acid, evaporate to very small 
volume, dilute with hot water, filler, ignite th<; preci[)itate 
which represents the barium sulphate corresponding to 
the total barium. If the insoluble exceeds 66 to 68 {)er 
cent it is necessary to prove that the excc.ss is not <lue to 
the addition of kaolin. 

(4) Total Zinc. Determine as oxide by precipitation as 
carbonate in the filtrate from the insoluble. When more 
than traces of iron, iilumina, or litne are firesent, it is best 
to determine the zinc vt)fumelric:illy. 

(5) SuliJhifie of Zinc. .‘\<ld a slight excess of hyflro<-hlorit: 
acid to the filtrate from the zinc carbonate and d«;termine 
the sul[>hur by precipitation in the usual manner. 'I’liis 
.sulphur multiplied by 3.03. t>r the weight of barium suijrhatc 
(BaSOd mu!ti{)lied by o..{6q 3, gives the zine sulphide. 

((>) (ixide of Zinc, .\iultiply the weight of the zinc 
sulphitle by 0.835 to obtain tht; zinc oxide corresponding to 
the sulphide. Subtract this from the total zinc oxi<le and 
rejrort the remainder as zinc oxide (it may Ik: present as 
oxide or as carlx)nate). 

(7) Barium Carbonate. Digist 2 grammes with boiling 
dilute hydnxthloric arid, dilute with hot water, filter from 
the insoluble, and determine the barium in the filtrate by 
precipitation with sulphuric acid. 'I’he \veight of the 
barium sulphate multiplied by 0.845 gives the barium 
soluble in the acid calculated as < ariwnate. 

(8) Barium Sulphate. Subtract the barium .sulphate 
corresixinding to the carlKmate from the total barium 
sulphate, 

6. General Scheme of Analysis for a White Pigment. ^ 
The pigment may contain white lead, leail sulphate, zinc 
oxide, baryta, whiting, kr«>!in, or other silicates, and, in 
fact, any mixture c»f white pigments, except lead com- 
pounds and zinc sulphide together, as such a mixture ha» 
a tendency to blacken. 

Dry 2 grammes of the sample for two hours at 105^ C. 
Treat i gramme in a l)eakcr with 25 c.cm. of water and *o 
c.an. of acetic add (95 per cent); bad, filter, and wadi 
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with water. Pass hydrogen sulphide into the hot filtrate, 
collect the lead sulphide and zinc sulphide on a filter, wash, 
dissolve in nitric acid, precipitate, and weigh the lead as 
sulphate in the usual manner; calculate to white lead. 
In the filtrate from the lead sulphate determine the zinc 
either by the gravimetric or the volumetric method, and 
calculate to zinc oxide. Test the filtrate from the lead 
sulphide and the zinc sulphide for barium, calcium, and 
magnesium, determine in the usual manner, and calculate 
to carbonates. Transfer the residue from the acetic acid 
digestion to a beaker, add 10 c.cm. of water, to c.cm. of 
strong hydrochloric acid, and 5 grammes of ammonium 
chloride, heat on a steam-bath for five minutes, dilute with 
hot water to 400 c.cm., boil five minutes, filter, wash, 
ignite, and weigh the insoluble. Make a qualitative test 
of the insoluble. Precipitate the lead from the filtrate 
from the insoluble with hydrogen sulphide, dissolve in 
nitric acid, determine as sulphate, and calculate as lead 
sulphate. In the filtrate from the lead sulphide determine 
the alumina and the calcium in the usual manner; calculate 
the calcium found to calcium sulphate. 

Black Pigments. — ^Black pigments are practically all 
carbon black in one form or other. They should be 
tested for oil by washing with ether. Good-quality black 
should be free from oil. Blacks which are alike chemically 
may behave very differently when ground in thin varnish. 
For example, lampblack mixed with such varnish in a ratio 
of 20 : 100 has flow, while gas-black similarly treated has no 
flow. 

I. Manufactured Blacks. — (a) Moisture: Dry 2 grammes 
for two hours at 105° C. The loss in weight represents 
the moisture. 

(b) Volatile Matter. — ^Heat i gramme in a well-covered 
platinum crucible for seven minutes with a Bunsen flame 
20 cm. high. The crucible should weigh about 2 5 grammes, 
have a well-fitting top, and be supported on a platinum 
triangle 7 cm. above the top of the burner. 

(c) Ash. — ^Ash 2 grammes, preferabjiy in a muffle, and 
weigh. 

(d) Soluble and Insoluble Ash. — ^Add to the ash from 
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2 of black 25 c.cni. of hydrot lilorii' aib] (j: : ti, 

cn'aporate to tlryncss tm a .stt*ani-baf h. aiid 5 c.cm. of liy 
dmchloric ticklj ciiliite with 75C,cnhof water, filter through 
a Gooch, wash, ignite, and weigh the insoluble as!i. 

(e) Adulterations, '“ "iilacks are o<aaisionally adulterated 
with Prussian blue. 1 o determine this j>oinl boil the sample 
with 4 per cent stKiium hy<iroxifie. filter, render tfu* hltratt* 
acki %vitii hydrorhlorir a<'id.and add a sfdution of a rnixiiire 
of ferrous and ferric chloride or sulphate, A blue pranapi 
tali* tnd.icafi*s the presence (jf Pnisdan blue*. At, least imv 
black oil the market contains a large amount of a magnetic 
o,xidt* of iron, whitdi may Ik* readily detet1c*d Iiy tlie adion 
r>f a riiagm*!. The ash of ivory and bom* bhteks .slioulil 
contain a large amount of ('alciiim [iho^idiafe. 

2. (irdpliilr. Ciraplulf* is nnm* of a gray pigriumt tliaii 
a black, I’fit* finer grades are u.sikI as lubrir’anis and in 
making lead {Kmcils. AH comnaacia! graphite c-onta-iiiH a 
ronsideraldi* ijuanlit.y of ash. For analysis, determine thi' 
mm'slure as iiM.iab boil with h}alro< Itlorie' acifl, filtfua dry, 
and Weigh, tlien ignite; it may be neee.sHary nst' oxygen 
to insure complete romimstkm; the loss in taken as carbom 
If a previous test has shown the absence of caTbomites, the 
Ireaiiiieni %vilh liyclr<M'hloric acid may tie oniiUeil. (iraph 
ite used as a liibrirant is s«imetiinrs afliilleraled with soft 
coal (lOfMi CVyloii grapfiile is practically iinalTisled by 
hoi siiipliiirir arid and {Kit.assii.irn sitipfiale. wdiiie .soft. coaJ' 
is roiTijiletfdy fltssniijKCHetf A fairly gofKl rjiiantitmtive 
deleriiiiruiliofi id soft laia! in graphite is made as foili.iws: 

I)etcrmi.rir the nioisiyre and the iisli in one iMirlioii, anrl 
ralciilate llte total rarlaiii by difference. Prtstl t gratiiiiie 
in a KJeldalil digeslioiidliisk with 40 c.rni, of strong hiiI - 
jiliijric add and 2 grariinies of {miassiiiiii Hiilphalfc iliuit 
for two hours at. a letii|ienilyre iiboyf the ftiiiiiiig point td 
lilt! sulphuric acid, tmA, ad«l water, liiler, wuisti, dry lit 
105'’ and wdgli; then igsiile ufili! all of the riirtmii » 
biirii.c*(l, the loss here repre«?iits the aitlmtt as griipltile, 
aiitl the dill'ere,fice fK^twetm thifi cJeleritiiniilioii iifttl that of 
iolal cartKin represents the soft coal 
Cotortd Pigmealsc— I. YeUmi\ (}mp$gi, ami Mtd Pig* 
rmnis: 11ie most iiti{,iorla.rit yellow pigiiiefit is cfiroiiie yrb 
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low, which varies in shade from a light lemon-yellow to a 
deep orange. The lighter shades generally contain lead 
sulphate as well as lead chromate, while the deep orange 
contains some basic lead chromate. Pure chrome-yellow 
should contain only lead chromate, lead sulphate,’*" and 
possibly some basic lead in the darker shades. Zinc-yellow 
is zinc potassium chromate of a composition approximating 
the following formula: (ZnCr04)3K2Cr207. 

(a) Chrome-yellow. — (i) Moisture: Dry a grammes for 
two hours at 105^ C. 

(2) Insoluble Impurities. — Treat r gramme with 20 c.cm. 
of strong hydrochloric acid, cover and heat on a steam-bath 
for fifteen minutes, add 100 c.cm. of hot water, boil (the 
solution should be complete), filter, wash, ignite, and weigh 
the insoluble impurities. 

(3) Lead. — Evaporate the filtrate from the insoluble 
to about 2 c.cm., but not to dryness, add 100 c.cm. of 95- 
per-cent alcohol, stir, allow to stand for one hour, cool in 
ice- water, filter on a Gooch crucible, wash with c>5-per-cent 
alcohol, dry for one hour at iio^ C., cool, and weigh as 
lead chloride. Add 0.0085 gramme to the weight of the 
lead chloride to correct for its solubility in alcohol. Mul- 
tiply the result thus obtained by 0.74478 to obtain the 
amount of lead present. 

(4) Chromium. — ^Evaporate the filtrate from the lead 
chloride determination to dryness on a steam-bath to expel 
the alcohol, add about 5 c.cm. of hydrochloric acid, then 
about 50 c.cm. of water, and warm till the solution is 
complete. Cool, transfer to a volumetric flask, and make u p 
to a definite volume. To an aliquot add sodium peroxide 
in sufficient amount to render the solution alkaline and to 
oxidize the chromium to chromate, boil until all of the hy- 
drogen peroxide is driven off, cool, make acid with sulphuric 
add, add a measured excess of standard ferrous sulphate, and 
titrate the excess of iron with standard potassium dichro- 
mate. 

(5) Sulphate. — In another aliquot of the filtrate from the 

Lead sulphate may be replaced by^ other insoluble lead compounds 
A chrame-yellow should be considered adulterated if it contains any- 
thing besides insoluble lead compounds. 
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If.-ui-chloridr (Ictttrmination, dcUTininc the sulphate in 
the oniinary way hy {jrecipitation and weigh as barium 
Milphate.* 

fd) Treattnent in the Presimee of Soluble Impurities. — 
If the Hainph* contain.s n(» soluhlf impurities, the preceding 
mi-tho<i will give a complete analysis. When the quali- 
tative test shows calcium it may he necessary to make the 
analysis in a somewhat tlifferent manner, for gyp.sum would 
iiy this treatment he precipitated with the lead chloride 
an«i rentier the tlelermination worthIe.ss. In such a case 
dissoivt* and .separate the insolulde as above. Dilute the 
filtrate from the insoluble to 400 c.cm., cool, pass in a rapid 
stream of hydrogen sulphide until all of the lead is prccipi- 
tatefl as lead sul[jhifie. filter, wash with water containing 
some h>‘tlrogen .sul{thi<le, tlissolve the lead sulphide in 
dilute nitric acid (hot), add an cxcc*.ss of sulphuric acid, 
heat t<i fumes, anti ttirnplete the determination of lead as 
sulphate in the usual w’ay. In the presence of chromium 
the solution must be very dilute and the hydrogen sulphide 
passed in rapidly to g<:t a giKKl separation of lead as sulphide. 
Iransfer file filtrate from the lead sulphide to a 500-c.cm. 
flask, add ammonium hydroxide until it is slightly alkaline, 
pus-s in hydrogen .sulphide until all of the zinc present is 
precipitated (in case no zinc is pre.sent the addition of hy- 
drogen sulphide h unnecessary'); make up to volume, 
mix, allow to settle, draw of! aliquots of the clear liquid, 
and ilelrrminc the calcium (and, if necessary, the mag- 
nesium) in the usual way. All the zinc and chromium will 
still lie in the 500-r.cm. flask; diiisolve in hydrochloric acid, 
make up to the mark, mix, take out an aliquot, and de- 
termine the zinc volumetritally by the ferrocyanide method 
as tlest rib'd umler lead-zinc whites. In another aliquot 
liiJtermine cliromium as already described. 

Hulphalti can be determined by dissolving another por- 
tion in hydrochloric acid, filtering from it the insoluble, 
and precipitating with barium chloride from the dilute 

* S«im(L' cliromw contain l»rium phosphate inatead of lead sulphate, 
in which «i»c te»l (or phwphork arid. Or bariurn sulphate, calcium 
«ul|ih.itc, etc., may repker fcart fulpimfe. Lead citrate is also some- 
tiincH prcM'nt instead ut kad suiphate. 
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hot filtrate; if the solution is kept dilute aiul hot, the 
barium-sulphate precipitate will not be contaminated 
by lead. 

(b) Zinc-yellow. — (i) Moisture: Dry 2 grammes for 
two hours at 105° C. 

(2) Insoluble Impurities. — To x gramme of the dry jiig 
nient add 25 c.cm. of si rong ammonium hydreixide, .stir well . 
and dilute to about 100 c.cm. with wafer, .stir frer[uenfK 
for about thirty minutes, carefully breaking up all lumps, 
but do not heat. Filter and wash with dilute ammonium 
hydro.xide and then with water, dry residue at 105" (’. to 
constant weight, and weigh, then ignite atui weigh again. 
If desired, dissolve the residue in hydrochloric acid and 
analyze in the usual manner. 

(3) Soluble Zinc, Chromium, and Potassium. Ileal the 
filtrate from the determination of insoluble iinpuri!i»‘s (o 
boiling in a graduated flask, pa.s.s in hydrogen sulphide until 
all of the chromate is reduced and the zinc is f)reci[)itatefl 
as zinc sulphide and chromium as chromium hydroxide. 
Fill to the mark, mix, allow to settle, liraw out an aliquot 
of the clear liquid, and determine alkalis by adding .sulplmrie 
acid, evaporating to dryness, igniting, and weighing as 
mixed sulphates. If desired, juitassium may he iletermineil 
as ix»tassium platinic chloride (KjPtoCl). Add hydro 
chloric acid to the residue in the llask and determine zinc 
and chromium as in chrome-yellow. 

(4) Impure Samples. The {ireccding methtwls will sc;rve 

only for samples which arc pure or adulterated only with 
substance.s insoluble in ammonium hydroxide. Very im- 
pure samples should be examined as descrificd under chrome 
yellow, page 266. 

(c) Red Lead and Orange Mineral. — ^The.se pigments 
in the pure state are oxides of lead (approxiraateiy i’b,0,), 
being probably mixtures of comijounds of varying projior- 
tions of lead monoxide and lead dioxide. Moisture, In- 
soluble impurities, and total lead may be determined liy 
the methods given under chrome-yellow; or, in the absenc e 
of alkaline earth metals, the lead may be determined ii» 
sulphate in nitric-acid solution (dissolve by adding a few 
drops of hydrogen dioxide) by evafxjrating with an excess 
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of sulphuric acid until fumes of sulphuric anhydride are 
evolved. Determine as sulphate in the usual way. 

The lead dioxide (PbOo) may be determined as follows: 
Weigh 0.5 gramme of the very finely groimd pigment into 
a 150-c.cm. Erlenmeyer flask. Mix in a small beaker 15 
grammes of crystallized sodium acetate, 1.2 grammes 
of potassium iodide, 5 c.cm. of water, and 5 c.cm. of 50-per- 
cent acetic acid. Stir until all is liquid, pour into the 
Erlenmeyer flask containing the lead, and rub with a glass 
rod until all of the lead is dissolved; add 15 c.cm. of water, 
and titrate with tenth-normal sodium thiosulphate, using 
starch as indicator. A small amount of lead may escape 
solution at first, but when the titration is nearly complete 
this may be dissolved by stirring. The reagents should 
be mixed in the order given, and the titration should be 
carried out as soon as the lead is in solution, as other- 
wise there is danger of loss of iodine. One cubic centimetre 
of tenth-normal sodium thiosulphate corresponds to 
0.011945 gramme of lead dioxide, or 0.034235 gramme of 
red lead (Pb304). 

These colored lead pigments may have their color modi- . 
fied by the addition of organic coloring-matters. As a 
general rule, such adulteration may be detected by adding 
20 c.cm. of 95-per-cent alcohol to 2 grammes of the pig- 
ment, heating to a boil, and allowing to settle. Pour off 
the alcohol, boil with water, and allow to settle, then use 
very dilute ammonium hydroxide. If either the alcohol, 
water, or ammonium hydroxide is colored, it indicates 
organic coloring-matter. The quantitative determination 
of such adulteration is difl&cult and must generally be es- 
timated by difference. 

(d) Vermilion. — ^True vermilion, or, as it is generally 
called, English vermilion, is sulphide of mercury. On 
account of its cost it is rarely used in paints, and is liable 
to gross adulteration. It should show no bleeding on 
boiling with alcohol and water and no free sulphur by ex- 
traction with carbon disulphide. A small quantity mixed 
with five or six times its weight of dry sodium carbonate 
and heated in a tube should show globules of mercury on 
the cooler portion of the tube. The best test for purity 


270 


APPENDIX I 


is the ash, which should be not more than J j of i per rent. 
Make the determination in a [mrcelain dish or criu ibh% 
using 2 grammes of the sample. Ash in a mul'lh; or in a 
hood with a very good draught, as the mercury fumes arc 
very poisonous. It is seldom nccc.ssary to make a deter 
mination of the mercury; but if this is reriuired, it may lx* 
determined by mixing 0.2 gramme of the vermilion with 
o.i gramme of very line iron filings, or better “iron by 
hydrogen.” Mix in a porcelain crucible and cover with a 
layer 10 mm. thick of the iron filings, place the crucible 
in a hole in an asbestos sheet .so that it goes about half- 
way through, cover with a weighed, well-fitting, gold lid 
which is hollow at the top, fill this cavity with water, heat 
the crucible for fifteen minutes with a small llame, keej> 
the cover filled with water, cool, remove the cover, dry for 
three minutes at icx3° C., and thirty minutes in a desic- 
cator, and weigh. The increase in weight is due to mer- 
cury. The mercury can be driven off from the gold by 
heating to aliout 450° C. A silver lid may lie used, but 
gold is much better. 

Another method is to place in the closed end of a com- 
bu.stion tube, 45 cm. long and 10 to 15 mm. in diameter, 
a layer of 25 to 50 mm. of roughly pulverized magnesite, 
then a mixture of 10 to 15 grammes of the vermilion 
with four or five times its weight of lime, followed by 5 cm. 
of lime, and plug the tube with asbestos. Draw out 
the end of the tube and bend it over at an angle of about 
60°. Tap the tube so as to make a channel along the 
top, and place it in a combustion furnace with the bent 
neck down, resting with its end a little below some water 
in a small flask or beaker. Heat first the lime layer, and 
carry the heat back to the mixture of lime and pigment. 
When all the mercury has been driven off, heat the mag- 
nesite, and the evolved carlxin dioxide will drive out the 
last of the mercury vapors. Collect the mercury in a 
globule, wash, dry, and weigh. 

Genuine vermilion is at the present time little used in 
paints. Organic lakes are used for most of the brilliant 
red, scarlet, and vermilion shades. These organic coloring- 
matters are sometimes precipitated on red lead, orange 
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minenii, or zinc oxick; hut as a usual thinj' tliu Ijiihc is 
barytes, whiting, or china day, I’aranitruniline red, a 
comj>ound of diazotized paranitraniline an<i beta-naphtluil, 
is largely employed; but a nuinbttr of colors may be usi'd. 
'Po test for red colors in such a lake the following inetlutd 
from Hall* may be of value, though other colons may be 
employed, which makes the table of only limit<‘d use. 

It i.s well also to try the action of reducing and oxidizing 
agents such as stannous chIori«le, ferrite chloride, etc. (.Sec 
Zerr, " Bestimmung von Teerfarhsttyffen in Farblaeken"; 
also Schultz and Julius, “ A Systematic .Survey of the (Jr 
ganic Coloring Matters.”) 

Paranitraniline red i.s .soluble in chh>roform. It i.s alsf) 
well to try the solvent action on dilTerent reds of sf>dtuttJ 
carbonate, etc. 'Fhe amount of orgaiiii: {>!gment j)rest;nt 
in such reds is generally very small, and when it cannot 
be determined by ignition owing to the presence of lead, 
zinc, or carbonate, it is bc>ht <ieterriiiii<'d by <iil'ferenc{!. 

2. Oxide and Earth Pigments. Iron <»xide is extensively 
used as a jyaint. The native oxide naturally varh's very 
much in its com{K).sition. In general, however, <»nly the 
p(K>rer grafle,s of native hematite are u.«itrd as paints. Ar- 
tificial iron-oxide pigments, imwic by calcining eopjH-rius, 
may be practically pure ferric oxide. UmlM;rs, ochers, 
and siennas arc earthy substances containing iron and 
manganese oxides and more or less organic mal f er. 

Themethexisof analysis are very much the same as those 
for iron ores. It is generally sutTuienl to determine 
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a 250-c.cm. graduated flask, fill to tlie mark, mix, and take 
out a portion of 50 c.cm. for iron diderminations. f'’or the 
determination of iron reduce with zinc, titrate with stand 
ard potassium permanganate, and calculate to ferric (»xid<'. 
For the determination of manganese transfer looi'.crn. of the 
solution (corresjronding to i gramme) to a 500 ca t n. flask, 
add sodium-hydroxide solution until nearly but not <juite 
neutral. Then arid an emulsion of zinc o.xide in water in 
slight excess, shake until all of the iron is thrown down, till 
to the mark, mix, let settle, filter through a dry paper, and 
use {Kjrtions of 100 c.cm. (ciirrespoiuiing to 0.2 gramme) 
for the manganese determination. Transfer to a .■joo c.cm. 
Erlenmeyer fla.sk, heat to boiling, titrate with standard 
permanganate, 'fhe flask must he shaken during the 
titration and .some exjiericnue is ne<i!ssary to determine 
the end {K>int. which is hi-st seen liy kaiking through the 
upixT layer of liquid and obs«;rving when the pink tingi^ 
from the jH-rmanganate does not disappiair on shaking. 
A standard {K»ta.s.sium-{K:rmanganate solution, the iron 
factor of which is known, may Ik; u.sed to <ietermine man 
gancse. The iron factor multiplied by o.2(y^j gives the 
mangane,se factor. In strme cases this metluKl of at 
tack will not .separate all of the iron from the insolubke 
matter. In such a case the insoluble must be fust!tl 
with a mixture of stxiium and potassium (aliumiieH, dis- 
solved in water, evajKirated with excess of sulplnirii aei«l, 
filtered from the insoluble, and this solution mkied tfi th<* 
first one. 

Another mcthcKl is a.H follows; Roast 5 grammes of the 
powder, digest with 25 c.cm. of hydrwhloric acid. evajHirate 
to dryness, moisten with hydrochloric acid, tfissolve in 
water, filter, and wash the residue; ignite the residue In 
a platinum crucible, add siilphurii acid and hydrofluoric 
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zinc, put a funnel into the neck of the flask, heat when the 
action slackens;’ if basic salts sei)arate out, add a few droi>.s 
of hydrochloric acid. When all of the iron is reduced, 
add 30 c.cm. of suli)huric acid (r : 2), and as soon as all of 
the zinc is dissolved and the solution is cool, titrate with 
potassium permanganate. 

h'or the determination of manganese use 50 c.cm., 
evaporate to a very small hulk, add strong nitric add !in«l 
evaporate the hydrochloric acid; add 75 c.cm. of strong 
nitric add, which should he free from nitrous add, and 5 
grammes of i)otassium chlorate, heat to boiling, and boil 
fifteen minutes; then add 50 c.cm. of nitric acid and more 
potassium chlorate. Boil until yellow fumes cea.sc to 
come off, cool in ice-water, filter on asbestos, and wash 
with colorle.ss, strong nitric acid; suck dry and wash out 
the remaining nitric acid with water, transfer thcprecij>itate 
and the asbestos to a beaker, add a measured excess of 
standard .solution of ferrous suliihate in dilute sulfihuric 
acid, stir until all of the inangane.se dioxide is ilissolved, 
and titrate the remaining ferrous sulphate with {Kitassium 
permanganate. A ferrous .solution of about the projHir 
strength is made by di.ssolving 10 grammes of crystallized 
ferrous sulphate in poo c.cm. of water and 100 c.cm. of 
sulphuric acid (specific gravity 1.84}. 'I’his solution is 
titrated with standard jwtassium permanganate. 'I'he 
reaction taking place when the manganese dioxide act.s on 
the ferrous suljrhate is MnOj -f aFeSO, + -f- 

MnS(h + I''ej(SO,)3 + HjO. Hence the iron value of 
permanganate multijilicd by 0.491 gives the value in 
manganese. 

3. Blue Pif^fncnls. —There are two important blue pig- 
ments used in painting, Pru-ssian blue and ultramarine. 
Of minor importance and very little u.sed in paints for any- 
thing but artists’ colors arc cobalt blue and smalt. 

(a) Prussian Blue. -“Under the name Pru.ssian blue are 
included all ferrocyanide blues such as Antwerp blue, 
Chinese blue, Turnbull’s blue, etc. These blue.s are all 
ferric ferrocyanides, ferrous ferricyanides, or double iron 
potassium salts of hydroferrocyanic or hydroferrkyanic 
adds. The analysis of Utese blut», as is generally the case 
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with pigments, does not necessarily give results which can 
be used to grade' samples, the strength and color tests 
being most important. Most text-books say that Prussian 
blue is ferric ferrocyanide, Fe4[Fe(CN)o]3, but this substance 
is not known commercially. Commercial Prussian blue 
is a mixture of Williamson’s blue, KFe[Fe(CN)o], with 
(jther iron-alkali cyanides and often with aluminium-iron 
cyanides, altogether a most complex substance.* 

(1) Moisture. — For the determination of moisture dry 
2 grammes for two hours at 100° C. Dry blue should con- 
tain less that 7 per cent of moisture. 

(2) Insoluble Impurities. — Ignite i gramme in a por- 
celain dish at a low temperature. The ignition should be 
carefully carried out at a temperature just high enough 
to decompose the last trace of blue, but not high enough 
to render the iron insoluble or very difficultly soluble in 
hydrochloric acid. Cool, add 15 c.cm. of hydrochloric 
acid, digest for an hour on the steam-bath covered with a 
watch-glass, evaporate to a syrup, add water, boil, filter 
from the insoluble, wash, ignite, weigh, and determine 
the nature of the insoluble, probably barium sulphate. 
In pure Prussian blue solution should be complete. 

(3) Total Iron. — Decompose as in the foregoing deter- 
mination, reduce, and determine the iron in the ordinary 
way. There should not be less than 30 per cent, calculated 
on the dry pigment. 

(4) Total Nitrogen. — Determine on a i-gramme sample 
by the official Gunning method, digesting for three hours.f 
The percentage of Prussian blue may be obtained with 
sufficient accuracy for commercial purposes by multiplying 
the percentage of nitrogen by 4.4 and by multiplying the 
percentage of iron by 3.03. Eight samples of pure Prussian 
blue examined by Parry and Coste gave the mean results 
from which these factors are calculated. The following table 
shows the accuracy with which these factors give the per- 
centage of Prussian blue in the eight samples: 


* Parry and Coste, The Analyst, 1896, xxi., 225-230. 
t U. S. Dept. Agr., Bureau of Chemistry, Bui. 107, Revised, p. 7. 
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Parry and Coste’s Determination of the Percentage 
OF Prussian Blue in the Dry Matter of Eight 
Samples 


Factors. 

No.'i. 

No. 2. 

No. 3. 

No. 4. 

No.s. 

No. 6. i 

No. 7. 

No. 8 . 

Nitrogen X4.4. 

94.69 

100.93 

107.58 

94.91 

98-95 

99-83 

100.80 

'102.52 

IronX3.03 

94-63 

101.02 

109.71 

97.11 

94-84 

98-99 

102.47 1 (H). 26 


** (5) Other Determinations. — It is seldom worth while 
to make any further determinations. If desired, however, 
the iron and aluminium may be precipitated as hydrates 
by ammonium hydroxide and weighed together as oxides, 
and the aluminium obtained by difference after determining 
the iron volumetrically and calculating to ferric oxide. 
The filtrate from the iron oxide and alumina precipitate 
may be made up to a definite volume and one aliquot 
taken for the determination of sulphate and another 
evaporated with sulphuric acid, ignited, and weighed. 
Determine whether the alkali is sodium or potassium and 
subtract the alkali metal corresponding to the sulphate 
(SO^) found. The remainder is double alkali iron ferro- 
cyanide. Well-washed blues should be neutral in reaction. 
The red shade may be due to organic red. Test the solu- 
bility in alcohol, etc. 

(b) Ultramarine. — Ultramarine is a compound of un- 
known constitution made by heating clay, soda, sulphur, 
and charcoal together. It appears to be complex silicate 
and sulphide of aluminium and sodium. Ultramarine may 
be readily distinguished from Prussian blue by being dis- 
solved in hydrochloric acid with the evolution of hydro- 
gen sulphide. It cannot be mixed with lead pigments on 
account of the sulphide present. Good ultramarine gives 
little tarnish on polished copper. An analysis is of little 
value, but if desired may be conducted as follows: 

(1) Moisture. — Dry 2 grammes for two hours at 105° C. 

(2) Silica. — ^Treat i gramme with 20 c.cm. of hydro- 
chloric add (i : i) in a covered dish, heat until decomposed. 
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remove the cover and evaporate to dryness 011 a water- 
bath, moisten with hydrochloric acid and again heat, to 
dryness, acid i c.cm. of hycinjchloric acid, l^^t stand fi\a‘ 
minutes, add hot water, fdter, and wash the iiisoliilile. 
If great accuracy is desired, evaporate the filtrate to 
dryness, take up with hydrochloric acid and watiT, filt.er, 
and add the precipitate to the main insoluble. IgMitc* the 
insc)lii})!e, ^veigh as silic^on dioxide, and test flu* purity 
with hydrolluoric acid. 

(3) Aluniiiiiuin.' Detenninc the aluniinium in the filtrate 
from the silicon dioxide l>y jirecipitating witli arMiiumiuiii 
hydroxide, igniting, and weighing as aluniiiiiurn <ixide. 

(4) Soda. Add sulphuric a.cid to the filtrate from alii 
minium hydroxide. evajioraU* to drym*ss, ignite, and 
weigh as sodium sulpJiah* (XuaSOp. ( alculafe to sodium 
monoxide (Na/)). If calcium is present it should hc» |ire- 
cipitated with ammonium oxalate in the filtrate from ahi 
minium hydroxide, ignited, and W 4 *ighed as t:ai{'iurn oxide, 
and the soda determined in the filtrate from the* csalcium 
oxalate, as descrilu'^d |>revioiisIy. 

(5) SuIphur.-^^-Mix t gramme of uitraiiuirine with 4 
grammes of scK'lium rarbonate and 4 grarriineH of sodium 
peroxide in a nickel crucible, cover with afKiiil a gramme 
of sodium carlionate, fustn using an alumiriiyirt or asbeshis 
shield to prevent the suiphur from being taken up from the 
gas. Dissolve tfu* fused mass in water, making iic:iil %dtli 
hycirochloric acid; t}ic?re h no iiisoliible residue, f*ri* 
dpitate with Imrium clilorkle and determine ioiiil siilpfiiir 
by weighing the fKiriiirii sulphate. 

(6) Sulphur as Siilj)hiite.-‘-Weigh t griimnie irt a beaker, 
add water, then hydrciclikiric acid, iKiil iinlil llie liydrogeii 
sulphide k exfMdltti llieii add barium rhbride, and detiT' 
mine the sulphur iis usual by weighing the bartiiin milpliate,. 

( 7 ) Sulphur as SulphJdcL— Subl^ sulphur as siilptiitte 
from the total sulfitiur. Pure yltramariiie will geiieraily 
have atou t the foiowiiig composi tion ^ 

Sll^n dioxide (SIO,). ............................. 

Aliimlna (AkC>4 

mmmltk (MiiiO) ... 

S«lfilitir {S) . 


Pm €mm 
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4. Green Pigments . — The most important green pigment 
is chrome-green, which is a mixture of Prussian blue and lead 
chromate. A green made of ultramarine and zinc-yellow 
is occasionally encountered. If absolute permanence is 
required chromium oxide (CrsOa) is sometimes used, but 
this pigment is not common. The very brilliant copper- 
arsenic compounds (Paris green, etc.) are little used in 
paints.* 

(a) Chrome- Green. — (i) General Discussion: A pure 
chrome-green should contain only Prussian blue, lead 
chromate, and lead sulphate. Any ^other substances 
should be considered adulterants. Greens made by pre- 
cipitating the ingredients together are superior to those 
made by mixing the blue and yellow after they are precipi- 
tated separately. To distinguish the two, rub up the pig- 
ment in oil and allow to stand. A badly made green will 
show blue, but one properly made by precipitation will not. 
A microscopic examination of the dry pigment should also 
be made. A badly made green will show yellow and 
blue particles, as well as green. A well-made green will 
show green and some blue particles, but no yellow. 

As different grades of lead chromate vary greatly in 
shade, and as the same is true to a somewhat less extent 
with Prussian blue, actual determinations of the percentages 
of Prussian blue, lead chromate, and lead sulphate are of 
little real value, and the analysis of chrome-green is made 
with difficulty. It is, however, important to determine 
impurities, which may be barium sulphate, silica and 
silicates (clay), or calcium and magnesium compounds. 

(2) Impurities. — To examine for impurities proceed as 
follows: Place i gramme in a small casserole, add 10 c.cm. 
of water and sodium peroxide, a little at a time (about i 
gramme in all), to oxidize the Prussian blue; add about 
25 c.cm. more of water and boil for some time, so as to 
decompose all of the hydrogen peroxide. Acidify with 
hydrochloric acid, boil, filter, and wash. Transfer the 
residue again to the casserole and boil with a solution of 

* For methods of analysis see U. S. Dept. Agr., Bureau of Chemistry, 
Bui. 107, Revised, pp. 25-30; also. Lunge, Chemisch-technische Un- 
tersuchungsmethoden," ii, 807-810. 
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ammonium chloride (slightly alkaline) to dissolve the last 
trace of lead; filter, wash, ignite, weigh the insoluble 
impurities, and determine their nature. They are probably 
barytes or silica. 

Heat another i-gramme portion very gently in a casserole 
or small porcelain dish, and remove from the flame as soon 
as it begins to glow. The heating should be carried out 
very carefully, the object being to decompose the Prussian 
blue but not to heat it enough to render the iron difficultly 
soluble. Allow to cool, add hydrochloric acid, and digest 
covered on the steam-bath for an hour. As a general rule 
this treatment brings everything except insoluble impurities 
into solution. Cool, dilute to 300 c.cm., and pass in a rapid 
stream of hydrogen sulphide until all of the lead is precipi- 
tated; filter, wash with water containing some hydrogen 
sulphide, boil off the hydrogen sulphide from the filtrate, 
add bromine water to oxidize the iron, add ammonium 
hydroxide in slight excess, filter, dissolve the precipitate 
in hydrochloric acid, reprecipitate with ammonium hy- 
droxide, filter, wash, unite the filtrates, and determine 
calcium and magnesium in the usual way. 

(3) Quantitative Determination of Yellow and Blue.™ 
The examination for impurities is usually sufficient, but if 
a quantitative determination of yellow and blue be desired, 
the sulphate may be determined in the united filtrate 
from the insoluble impurities by precipitating from hydro- 
chloric acid with barium chloride. The ferric ferricyanide 
present will not cause any difficulty if the barium sulphate 
is filtered off soon after precipitating; but if it is allowed 
to stand a long time a reduction is likely to take place with 
the re-formation of some Prussian blue. 

Determine the lead in the second portion by dissolving 
the lead sulphide in nitric acid, boiling the residues with 
ammonium acetate, uniting the filtrates, adding sulphuric 
acid, heating to fumes, and completing the determination 
of lead as sulphate in the usual manner. For iron and 
chromium dissolve the ammonia precipitate in hydro- 
chloric acid, make up to definite volume, determine the 
iron in an aliquot by reduction and titration with potassium 
permanganate or potassium dichromate. Determine the. 
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chromium in another aliquot as described under chrome- 
yellow. 

(4) Miscellaneous Determinations. — If aluminium is 
present, precipitate another aliquot with ammonium hy- 
droxide, wash, dry, ignite, and weigh. From the iron and 
chromium determinations calculate the combined weight of 
ferric oxide and chromium oxide and obtain aluminium 
oxide by difference. Determine the moisture and the 
nitrogen as described under Prussian blue. 

If the presence of ultramarine is suspected, test with 
hydrochloric acid, and if hydrogen sulphide is evolved, 
ultramarine is present. 

(b) Ultramarine and Zinc-yellow-green. — (i) General 
Discussion: No lead compounds should be in this green, 
since with lead and ultramarine the paint will soon be 
blackened by the formation of lead sulphide. Owing to 
the widely varying composition of ultramarine, it is not 
possible to make a quantitative determination of the blue, 
but its presence can be detected by means of hydrochloric- 
acid, and the combined percentage of ultramarine and 
insoluble impurities thus be determined. 

(2) Determination of Yellow. — Treat i gramme of the 
dry powder with 25 c.cm. strong ammonium hydroxide, stir 
well, and dilute to about 100 c.cm. with water. Stir fre- 
quently for about thirty minutes, carefully breaking up all 
lumps, but do not heat. Filter, wash with dilute ammo- 
nium hydroxide, and then with water; dry the residue at 
105° C. to constant weight, and weigh. The loss in weight 
gives the amount of zinc-yellow if no other soluble com- 
pounds are present. The filtrate may be tested as in the 
examination of zinc-yellow. 

(3) Ultramarine and Insoluble Impurities. — ^The in- 
soluble material remaining from the determination of yellow 
(2) may contain both ultramarine and other insoluble 
substances, but its color strength can be determined as 
compared with a standard pure ultramarine, and the result 
calculated to percentage based on a standard ultramarine. 

Mixed Paints. — Single pigments are generally sold either 
dry or ground in oil alone; rarely do they contain thinners 
or driers. Ready-mixed paints, however, contain, in 
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addition to oil. turpentine or gasoline and usually some 
drier. More complieateii yet are enaine! jiaints, wiiit It 
are pigments ground in oil \arnish, ami contain, l)cside.H the 
substances in the vehicle of mixed paijits, varnish gums. 

The can of tni.xed paint should not he shakt'ii, hut should 
he weighed as a whole, ojx-ned, and as imu It of the e iear 
vehicle removed as |)ossi!)ie; (his shoulfi Ik* weighed ami 
Iccpt in a stopj«Teri tlask fuse- <’((rk. not nihher. stopper! 
After removing the clear vehicle mis the <'onteuts of the 
can thoroughly and transfer to another jar. Wipe and 
weigh the can. d'he.se ligures will give the necessary data 
for calculating the analytical results hack to the original 
material. 

I. Extrarlimi of the Vehicle. Weigh from 15 to (5 
grammes of the thoroughly mixed pigment in a tali, narrow 
Krlenmeyer (lask of .^oo c.cm. capacity. Add aliout to 
c.cm. of gasoline, mi.x thoroughly, then add 150 t .« ni. of 
gasoline, mix well, ttnd stojijwr with a t ork; allow to .Htjinfi 
until the pigment has .settled, and decant the liquid into 
a beaker; some {tigment will frequently go over with the 
gasoline, m it is well to allow this to settle and decant into 
a second beaker. Refsait the treatment with gasoline; 
after the first treatment Hdtiing is generally much more 
rapid. Decant the gastdinc as cmnjdetidy as {tossihle 
the second time. Then add 150 c.cm. of ben/:ole d'jlj, 
shake, and allow to settle. Decant the fien/.ole and treat 
in same way with 150 c.cm. of ether. (If a large number 
of samples are examined at the sjune time this meth(«l 
is a.s rapid a,s any; hut when working with a small number 
of samples much time is sjived by extracting in tulres and 
throwing down the pigment by whirling in a tentrifuge.l 
Thb method of extraction is often more satisfat li>ry thmi 
any metluxi using a continuous extraction apparatus, h»r 
frequently the pigments cannot be,* held by cxtrnrthm 
thimbles. 'Jliis method of treatment will generally give 
an almost complete separation of the vehicle, but in .sotne 

^1 ... * A... Pm * il #'**..* »t 
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with a single solvent, and mixtures of solvents must then 
be tried. Mannhardt (“Select Methcxls of Paint .■Vnalysis”) 
recommends 6o volumes of benzole and 40 volumes of 05- 
per-cent wood alcohol. No system of extraction will re- 
move absolutely all the vehicle, the insoluble jHirtion being 
probably metallic soaps or lino.xyn. 

After removing all of the soluble vehicle, dry the pigment, 
first at a low temperature in a gentle current of air, ami 
then at 105” C.; weigh, and from the lo.ss in weight cah ulate 
the percentage of vehicle and jiigment; then from tlie total 
weight of mixed paint and the weight of clear vehicle <ir;twn 
off calculate the percentage of vehicle and pigment in the 
original paint. 

2. Analysis of Pigment. -Follow the methwis for dry 
colors. In general, determine the amount insohilde in 
hydrochloric acid and the nature of the insoluble, and make 
an analysis of the .soluble portion. In the alisence carlioii 
and hydrated .silicates (clay, etc.), a fairly close <ietermina 
tion of unextracted vehicle may lx* made by drying the 
insoluble at 105” C., weighing, and then igniting and weigh 
ing. This loss is called combinetl water anti carbonacetHis 
matter, and in many cases may be safely consitlcreti as 
unextracted vehicle. 

3. Analysis of Vehicle. -Weigh 100 gramnies of the 
vehicle into a 500-c.cm. flask, connect with a sjiray trap 
and a vertical condenser, and pascs through it a current 
of steam, first heating the fla.sk in an oil-bath at 100" (*.; 
with the steam still {)a.ssing through, raise tht; temperature 
of the bath to 130®'. C'atcli the distillate in a small weighi*«i 
separatory funnel; continue dLstiilalion until the funnel 
contains 300 c.cm. of water. Let the dmtillaU* .stand 
until separated into two layers, then tlraw off the water 
and weigh the light oils. Examine as under tiiqa-ntinc*. 
page 243. A slight error is caused by the .solubility of t ur- 
pentine in water; this amounts to about 0.3 to 0,4 c.cm. 
for each 100 c.cm. of water. 

When sufficient vehicle is available it is well to take 
another portion and distil, without steam, placing the 
flask in an air-bath. Note the temperature of the bath 
at which distillation takes place, and continue the distilJa- 
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tion at a temperature of 185° C. in the air-bath. This 
method gives somewhat lower results on volatile oils than 
the first method, but the distillate can be tested for water- 
soluble volatile liquids which would be lost by the steam 
distillation. Unsaponifiable matter should be determined 
in this residue, or in some of the original vehicle. (See 
examination of linseed-oil, p. 242.) 

The residue is frequently too pasty for the determination 
of the specific gravity, which should be made on the original 
vehicle. Determine specific gravity with a plummet or 
hydrometer. The small amount of suspended pigment 
which frequently remains in the vehicle will introduce an 
error when a pyknometer is used. Determine the acid 
number of the residue and of the original vehicle. Deter- 
mine the percentage and the character of the ash either 
from the residue or the original vehicle. The iodine num- 
ber is sometimes a useful index; but the constants of linseed- 
oil which has been mixed with pigments, especially lead 
compounds, may be so much altered that an iodine number 
as low as 100 cannot be taken as any proof of the presence 
of other fatty oils. 

Test for rosin as described under linseed-oil. Another ' 
test for rosin may be made by dissolving in carbon disul- 
phide and adding a solution of stannic bromide or chloride 
in carbon disulphide. Use a white porcelain dish. If no 
water is present in either solution the presence of rosin 
is shown by the appearance of a violet color. This test 
is not as delicate as the Liebermann-Storch test described 
under linseed-oil. 

When much lead is present it may be lost in ashing, and 
for a correct determination of metals the following method 
is best: Place 25 grammes of the vehicle in a 500-c.cm. 
separatory funnel, dilute with 25 c.cm. of a mixture of 
equal parts of gasoline and turpentine, add 50 c.cm. of 
nitric acid (1:1), and let stand one hour, shaking every 
ten minutes. Then immerse the funnel in hot water, 
loosen the stopper, and shake gently. This drives off nearly 
all the gasoline. Remove from the hot water, let it sepa- 
rate, draw off the lower layer, and wash the upper oily 
layer four or five times with warm water. Add tihe wash- 
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ings to the maia add portion, and determine the metals 
in the ordinary manner. If the paint is enamel paint, 
treat the vehide as a varnish. (See p. 249.) 

ANALYSIS OF SHELLAC BY SOLVENTS — ^McILHINEY 

The method depends upon the fact that rosin is soluble 
in petrolic ether while shellac is insoluble. It is imi)rac- 
ticable to effect an extraction of the rosin from the solid 
mixture; therefore the latter is dissolved in a solvent such 
as absolute alcohol or glacial acetic acid (99 per cent), which 
dissolve both shellac and rosin and which are themselves 
miscible both with petrolic ether and with water. Petrolic 
ether, boiling below 80° C., is added, then water, and the 
resulting two layers of immiscible liquids separated, the 
petrolic-ether layer carrying the rosin with it and leaving 
behind the shellac, which is largely precipitated by the 
dilution with water. The wax usually goes with the 
rosin unless the amount of petrolic ether is insufficient; 
shellac-wax is but slightly soluble in cold petrolic ether, but 
the amount of shellac-wax present is usually small. The 
amount of rosin recovered from the petrolic-ether solution 
is determined by titration with alkali or better by separa- 
tion from the unsaponifiable wax. Both wax and rosin 
may be weighed. I'he amount of shellac dis.soIved by 
the petrolic ether is less than i per cent. This material 
is essentially different from common rosin. The original 
paper is in the Journal of the Am. Chemical Society, xxx. 
867, May, 1908. 

ANALY.SIS OF OLEO-RE.SINOUS VARNISHES — MCILHINEY 

Saponify a weighed amount of the varnish with an e.xces8 
of a solution of caustic potash or soda in absolute alcohol, 
then add just sufficient of a solution of pure acetic acid 
in absolute alcohol to exactly neutralize all the alkali 
added, adding to the acidified liquid petrolic ether, which 
mixes freely with it, then adding, with stirring, sufficient 
water to greatly dUute the alcohol, and separating the 
petrolic-ether solution containing in it the fatty acids of 
saponified oil and the common rosin. The hard gum 
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fresin.K togethcT with sDim* oxidi/^rti fatty ar'hls, n*iiia,ifis 
inHf)liibIi‘ 11 m‘ oxidizfd fatty ;i("ids arr sfparatrci from IIk* 
hard gum liv their solubility in slightly diluti^d atr<^hoI. 
The romiTimi rosin is separated fnan tlu* fatty acids cd 
linseed and other oils by the l%viteh(*!! i>roee.ss. 'Flu,* 
fvoeltstorfer ligiirt* is obtaitnal in thi‘ original sapcaiifiea 
tion I'lroress fiy making use of standardizcal sedations of 
alcoholic; arid arifl alkali. Volatile <n1s are sc*{iarate(i hy 
disfillaticm with sivain in the ordinary way, and Imn/Jiie 
and liirpeiiline art* lc\sled lor, and delerinineti liy tfie 
proeesses ecaniiiorily in iLsen 

11h' original paper is in the prereedings for upK of tin* 
Am. Sof\ for 'FeslJiig Materials, and is alsc^ in \\\v ilwniit'al 
Engineer for August, ii-pH, viii. 70. 

/liin/ysis nf Skelltif, W. Vaubel, C h. /Jg., xxxiv. 
icx?X, Hforeli-Monm^ski test for rosin, disscck’c* in ;ii . 
aiihyc!.. add drop fbHOi, reaf-viedet eolor. I,,angmnir’s 
blraf'hirig test, /. S* (\ p. 14 I nurnfHT by Wijs 

soluliori, using eolorirnelrir seale. Uuantil. did., by dis 
Holv. rosin out with VHC 14 » fir btaizoha arid test 

solution and residue; or dissolve cnit shellac' in Nh'isBiO,- 
soluliori, 10 grammeH in aoo e.em. lojier-eent Holiition on 
water-bath. Acid and sa|Miriiiicatiort numbers; 
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This tiibh* sJuiws it is imjKissible thus to l {ii*r 
rent adult <.*rati«n. 
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finds I number for rosin iio 165 with Hiihrs solution in 
6 hours, which is too short aperiocL The pcT cent of adul- 
teration will be shown as varialile, according to what I 
number is taken for rosin, especially in poor grades. W’icle 
variations are found in Br. numbers by different analysts. 
A method is given for finding Br. numlier, which involves 
separatory solutions by difTerent solvents. 

The I number is as follows: 


Name of Remn. 

Dark Hlielhu* . . 

1 

Analynt. 

D’wkowit^rh , 

I ( 1 . 

! .U .57 

Muimm. 

Hr. 

^ Cl.iS 

1 HiibI S^4. 






«< 

; 1 

Pure jihfUar 

famgmuir. . . . 


i i 


Bleached Mhclluc. ....... 

S.o 

1 


StH'd-liic finf<*rior) 

Unmey 


,..j 


S^nd-lac fg<MKlJ ......... 


K'.o 



Stickduc 


14.0 



Button“la(! (BanrH;).. .... 

“ 

3 4.6 



Button ‘lilt? , . . , 

*« 

.U.3 

13.^ 



f frange shtdluc T N 

*• 



('olophoity ............ 

l^ewkowitHch i 

ew.7 i 

Ani.t I 

..... .... 1 


WlUte Kfcnch roMin 

Rtnllinii' « 

■ 1 11^. I‘ ■■ t iM $ 

American ro«iii 

*• ' 

. . . . 1 

* ..'1 if » * • 

tf j #'4, • f j 1 j 



I 

9i mm f m,f^K m 


Analytical Constants of Shellac- P. Singh, /. Soc- C, 
xxix. 1435. Samples of known purity give results m fal- 
lows: 



M'dituri* iit iw)®) 

fwr rmt . . 

Matlcf in«ihihk* hot Mlrohol, 
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mimtjor (4 . 

nwmtwr (/O. • . . 
Eater C/l -A) .... ..... 

t abKwptioii niimher 
after tB hour»* aetkirt ...... 

Ko4eroaim iiumljer . 


3.7 
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60,4; A,| , t ■ , 4 
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eif.. 1 
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4, Miraapur fartory fthctltec, 

7. ljwi-r»ln (mrJtwi). 
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§. (m- 4 CiltrtcemtM 4rf h 
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The KiiclfTiiann niiml-K*r" is pcT rent, of non-condens- 
able resin and falty ac'ids: toobtain this, mix 2 grammes of 
slicdlar with -b.i gnirrrme jirec'ipilated SiO^, whicdi prevituisly 
has lHi.*n eaJc'irird 12 hours a.t wliite heat* moistcai with 
(\Hi,Ch dry 2 hours at im;/' io^\ nunsten with 
add 10 cMTii. cnnrontrated H<*1, evTij)orate to dryness^ 
rei'ieal (hHd> -e I ICl treatment , dry at ro5'\ extrac't with 
ito f.nii. (’ 4 fr<t ill i xm. {portions, fdti'r th<* extract, 
cva|K)Kite til ilryness* and weigh* It should not excaasl 
8.0 in standard good ijiialities of shellac, is higher in bL'U'k 
lar. l>isriisdori of tin* foregoing: K. J. Parry. ‘‘ T. 
shellac may legitiinately cont.ain 3 iwr cent rosin, gamed 
10 piT cent. VaiibiTs m-eiil table is from aeiulterated 
shellac, not, <'orrect, Psier and acid values not relialilis as 
!aC‘«dye iiiterferrs with [d'lenolphthalein indic’ator, bin- 
dernann number*' useless, does not show adult era. I ion unless 
(“xcessivtc I iniinlier only tvsi of value; fliifil i>r<‘ferred, 
as Langmuir's met hod willi Wijs solution is too romidiraled, 
\ auliel dissolves cm! lac-re-sin in borax soIulic.m, fmt this 
leaves \vn%, etc., to be eHtiinated as rosim Mcdlhinc^y 
dkscilvcs cHit rosin math }M.droleum ether, but the shellac^ 
f«>rms a {iroleclive caialing on the rosin. J. LewkowilHeh/ 
The *Vi%ndemaiin niimtier'* and Kster value are useless; 
prefers Wijs soliilicm lo tlilbl, becausi* it is more ra|Hcb 
Kosiii I iiiiinlier os.iigreeil on in the London market, is 
iirliiirary liiil rfin%*eiitiriiiaL Iv, (L Hcw|ier. ■ ■ Freff*rs Wijn 
soiiilion, till! diflererirr in I value from the IlUbI method 
should lie rercigiiized, rerommends invimligaiion i>f ad* 
%Tinlages of !tie?4i* mrlhcab. In mixluri*s like sealing'^wnx 
the insolubility Cnj per rent) of sliellae in henxok affords 
a means of si*paraf irig if from rosin. 

/Imilvscf #/ *V/rllfir. I>r. IL Wolff » Farbeu. xv. Mo. 
50; tliroiigli JinK FtilJ!^rz 4 mi,, xvii. 241. Qualilalive test 
for resin: dissolve a frw^ griiins of the shellac in j c.rnu 
iilrohol; when ■sciliiiifiii m complete add 3 c.cm. tK.?fi/Jne 
fb. and shakirwell; then fill lestTiibe with fI|Cl 

a»* * - - * 




m BAMmm * by €him. irnd,, mx, 319, byt itaim* of author ti. 

4fJ mwrf|{iiir iti #pirii of lyrf^ntinr). 
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sary. If rosin is present the benzine solution turns bluish- 
green. 

Quantitative test for rosin: Add in a separatory funnel 
3 grammes of the powdered shellac to 30 c.cm. of a mixture 
containing 65 per cent by volume of acetone, 20 per cent of 
alcohol (96 per cent), and 15 per cent H.O; if much rosin 
is present use 5 per cent more acetone and 5 per cent less 
alcohol. When solution is complete (shellac-wax remains 
insoluble) add 25 c.cm. petroleum ether and shake well. 
Allow to settle and draw the lower layer into a second funnel 
and shake it again with 25 c.cm. petroleum ether. Unite 
the petroleum-ether extracts and evaporate dry. Dissolve 
the residue in 9 c.cm. petroleum ether and i c.cm. ether, 
filter if necessary into a weighed dish, and evaporate at 
io5°--iio'^ to constant weight. If x is the weight of the 
residue then per cent rosin equals (100 x 3 — 1.0) F, 
where F has the following values: 

i~io per cent rosin, 1.25; ia-15 per cent rosin, 1.30; 15- 
20 per cent rosin, 1.35; 20-25 cent rosin, 1.30; 25-30 
per cent rosin, 1.25; 30 and over, 1.20. 

After weighing dissolve the residue in 96-per-cent alcohol. 
No flocks should remain undissolved. If turbid, filter again, 
evaporate, dry, and weigh. If y is the second weight of 
the residue the per cent rosin equals (100 y/3 — 0.5) F, 
the factor F having the same values as above. The limits 
of error are ± 2 per cent. 

Detection of Dammar in Kauri Resin, — S. Stewart, /. 
Soc, Chem. Ind,, xxviii. 348. Solutions in chloroform con- 
taining daipmar give a white precipitate when absolute 
alcohol is added. Pieces of resin may be tested by rubbing 
with a drop of chloroform on a glass plate, then add a drop 
of alcohol. Solutions containing small amounts of dammar 
may be made milky by adding alcohol and compared with 
similar solutions of known composition. 

Tiie following review of work in 1908-09 is by Cofl6gnier, 
in his journal, the chim, ind.j xxi. 265-75. 

Engel has examined Congo and Benguela copals and has 
found that when treated with solvents thev leave insoluble 
residues, as follows: 
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Solvents. 

Congo 

Melts at 

105 ° to i 8 s°. 

Benguela 

Melts at 

106° to 158°. 

Ether 

45% 

48% 

Ethyl alcohol 

52 

44 

Methyl alcohol 

67 

72 

Acetone 

72 

64 

Amyl alcohol 

20 

28 

CHCl, 

76 

65 

Benzole 

74 

76 


From Congo he obtained congocopalic acid, Cic)H3o02, and 
congocopalolic acid, C22H34O3, and a-congocopaloresene and 
i^-congocopaloresene. Benguela gives similar products; 
the benguecopalolic acid is C21H32O3. African elemi {Ann, 
Chim. Analyt., 1909, 194) is similar to Manila elemi, but 
has less volatile oil. South Nigerian elemi (A and B) is 
little soluble in alcohol but soluble in oil of turpentine and 
in benzole. The volatile oil is pale-yellow, contains much 

phellandrene; D =0.8686; ~ = 50® 30'. Uganda elemi is 

soluble in benzole, little in alcohol, and partly in turpentine, 
but soluble in benzole-alcohol mixture, also in turpentine- 
alcohol. Its volatile oil is like the preceding, 0=0.8451, 

^ + 79 20 . 


Elemi. 

A 

B 

c 

Ash 

0.60 

55-3 

71 9 

a. I 

■ i 

0.53 

37-8 

46.3 

4-4 

0.30 

29.4 

44.8 

II . 2 

Acid number 

Koettstorfer number 

Volatile oil 



Distilling red angola does not give succinic acid. The 
solution in ether (69 per cent soluble) gives, with a weak 
solution of Na2C03, a mixture of two acids which Rackwitz 
{Bull. Soc. Ckim,, xi. (1909) 135) separated by an alcohol 
solution of acetate of lead into (i) angocopalic add, C28H36O3, 
unsaturated, monobasic, melts 85®, lead salt insoluble; (2) 
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an impure acid of which the lead salt is soluble; in the 
solution from which these have been removed there is an 
essential oil, D == 0.853, b- i4o®*-i6o'^, and a-angocopalo- 
resene, C30H64O6, dark yellow, m. 63°-65°. In the ether- 
insoluble residue is found angocopalolic acid and / 3 -ango- 
copaloresene, C25H38O4, m. 220^-22^, Similar work on 
Cameroon copal shows absence of succinic acid, and produces 
camerooncopalaic acid, C21H36O3, monobasic, unsaturated, 
m. 98 °-ioo^, and volatile oil, D = 0.830, b. 145°“! 5 5^^; 
and a and camerooncopaloresenes, the second C25H38O4, 
m. 225°. Coffignier’s work on copals is in C. A,, ii. 1895, 
and iv. 679, 

By treating the ether solution of sandarac with i per cent 
(NH4)2C03 solution, Tschirch and Wolff (Bull. Soc .Chim., ii. 
(1908) 1638) obtained sandaracic acid, C22H34O3, C22H3(j03,or 
C22H38O3, m. 186^^-188°, inactive, forming a monopotassic 
salt; by treating the ether solution with i per cent 
Na2C03, sandaracinolic acid, C24H36O3, which forms an in- 
soluble Pb salt; acid inactive, forms monopotassic salt; 
and also sandaracopimaric acid, C19H28O2, C20H30O2, or 
C20H32O2, needles m. 170°, inactive, forms monopotassic salt, 
and a soluble lead salt. After removing the resin acids, the 
residue distilled with steam gives a volatile oil, b. 1^2^- 
1 59°, and a resene remains. 

Guignes {Bull. Soc. Chim., i. (1908) 872) gives the rotary 
power of colophony, + 6^^ to + 7®, ordinary sandarac, 
+ 46"^ 20', ditto pure, + 31° to + 34*^; recent mastic, + 29° 
30', ditto second quality +21® 50'. When elemi is melted 
in a water-bath and the yellow-green liquid treated with 
H2SO4 in four volumes H2O, an eosine-red color is produced. 
Alcoholic solution of elemi is neutral to litmus which 
reddens a similar solution of turpentine. The alcohol 
solution of elemi gives a milky cloud when H2O is added; 
with turpentine resinous yellow-brown flocks separate 
(Stoepel, PAaf . CAiw., xi. (1908) 116). To detect rosin 
in shellac, Foerster {Ann. Chim. AnalyL (1909), 18) uses 
Halphen’s reagent, as follows: grind 2 grammes shellac 
with sand in a mortar, add it to 10-15 c.cm. ether, agitate 
5-10 minutes, filter, evaporate, put the residue in a capsule 
of 25-50 c.cm. capacity, add a little of Halphen^s reagent 
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(i volume carbolic acid, 2 volumes CCI4), expose it to the 
vapor of I volume Br in 4 volumes CCh; a fine blue color 
appears, passing into violet. J. Sans {Ann, Chim. Analyt, 
(1909), 140) detects rosin more simply; i or 2 c.cm. neutral 
methyl sulphate is put in a test-tube, and a bit of rosin 
added. Heat gently; rose color passing to violet and 
dark violet; with more heat the color disappears, all but a 
faint brown. 

Grimaldi {Jour, Phar. Chim,^ i. (1908) 394) detects rosin- 
spirit in oil of turpentine. Put 100 grammes of the suspected 
oil of turpentine in a flask 8 cm. diameter having a neck 
10 cm. long, with a side-tube connected with a condenser, 
and thermometer through stopper and in liquid. Distil 
slowly, collect five fractions of 3 c.cm. each, then fractions 
every f to 170^. To each fraction add an equal volume 
concentrated HCl and a small fragment of Sn. Put in a 
boiling water-bath five minutes, agitate, and put back in 
water-bath and repeat several times. Pure oil of turpentine 
gives emerald-green increasing in intensity on cooling. 
Rosin-spirit gives a faint color and only on cooling. 

Accra and Benin y -Copals, — ^A. Tschirch and Kahan, 
Arch, Pharm,j ccxlviii. 433. From Accra copal the follow- 
ing acids, soluble in ether, were obtained: accracopahc, 
C21H34O3, melting-point io4°-io6® C.; a-accracopalolic, 
C18H30O2, m.-p. iS2°~i55®; /S-accracopalolic, C19H32O2, 
m.-p. i 44°“I48®; a-accracopalenic, C10H20O2, m.-p. 142°- 
146°; jS-accracopalenic, Ci2H2o 03, m.-p. i5o'^-i52‘^; a-accra- 
copal resin, CisHseOs, m.-p. i78°"-i8o'^; and an essential oil. 
The following were insoluble in ether: accracopalinic acid, 
C14H26O3, m.-p. i2 2'^“-i24'^; Y-accracopal resin, CxoH2o03, 
m.-p. i84^“i86°; / 3 -accracopal resin, C13H26O3, m.-p. 197^”- 
199^. Accra copal melts from 106"^ to 156*^, acid number 
121.8, iodine 58.54. Benin copal was extracted first with 
ether and then with ether-alcohol. The ether solution on 
the treatment with (NH4)2C03 yielded benincopalic acid, 
Ci 7H3204, m.-p. 137°. On treatment with Na^iCOs it yielded 
a- and jS-benincopalic acids, C13H32O6 and C20H30O2, m.-p, 
81° and 119°. On treatment with KOH benincopalenic 
acid, C27H48O2, m.-p. loi®, was obtained. An essential oil 
was also present in this portion. The ether-alcohol extract 
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contained a-benincopalinic acid, C21H30O3, m.-p. 187*^; 
jS-benincopalinic acid, C15H28O3, m.-p. 193*^-197^; /S-benin- 
copal resin, C12H30O10; and y-benincopal resin, C13H26O4, 
m.-p. i92'^-“i95°. About 50 per cent of benin copal is 
soluble in ether and 98 per cent in ether alcohol; melts 
166*^, acid number 101.15, iodine number 61.02. 

Two new South American copals are reported from 
French Guiana; one is a Guibourtia copal from Koulikoro, 

. not pure enough to be valuable; the other a Trachylobium 
copal from Dubreka, much like Benguela copal, but softer; 
should be of commercial value. 

H. Rackwitz {Arch. Pharm., ccxlv. 415) finds that of 
Angola copal 69 per cent is soluble in ether, the solution 
containing 64 per cent of angocopalolic acid, C23H36O3, which 
melts at 83^-85^^; 3 per cent of a-angocopaloresene, C30H54O4, 
melts at 63°~65°; and 2 per cent of ethereal oil, boils at 
140^-1 60*^. The part insoluble in ether consisted of a 
portion soluble in ether alcohol, being an acid, apparently 
angocopalolic, 5 per cent and jS-angocopaloresene, melts 
at 220°, 20 per cent; and insoluble in ether alcohol, 0.3 
per cent of a bassorin-like substance, and 5.7 per cent ash. 
Similar treatment of Cameroon copal gave 75 per cent sol- 
uble in ether, consisting of kamerucopalolic acid, C21H36O3, 
melts at 98*^-100°, 70 per cent; a kamerucopaloresene, 3 
per cent, and ethereal oil, boiling at 145^^-155^, 2 per cent. 
The part insoluble in ether, 25 per cent, contained a portion 
soluble in ether alcohol, jS-kamerucopaloresene, C25H38O4, 
melts at 225*^, 20 per cent; and insoluble in ether alcohol, 
a bassorin-like substance, 3 per cent; and ash, 2 per cent. 

L.E. Andes in Chem. Rev. Fett-Harz-Ind., xiv. 190, says 
that mastic resin is obtained from the trees of Pistacia 
cabulica, the bark of which is incised from the ground to the 
branches, and the resin allowed to harden and fall to the 
ground upon stone plates. After 2 to 3 weeks it is sufl&ciently 
hard to collect. The best mastic is taken from the branches, 
three grades being obtained. The gathering lasts for two 
months, and each tree yields 4 to 5 kg. Unger has made 
a thorough study of this mastic and also that from Pistacia 
lentiscusj and states that it is formed in special passages 
or intracellular spaces. He also says that the resin is not 
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produced from cell wounds by a chemical metamorphosis. 
The dropping of bark-scales is sufficient to cause a rupture 
of the resin passages, which lie close to the surface. The 
color of the resin is yellowish or greenish, and it possesses 
the odor and taste of carrots. According to Pfoff its den- 
i sity is 1.04, according to Schrotter and Brisson it is 1.07. 

Upon chewing it becomes doughy, while most other resins 
: become pulverulent. According to Johnstone it melts at 

^ 100^, while Schrotter says it softens at 80® and melts with 

decomposition at 105*^ to 120°. It consists of an alcohol- 
soluble substance and one insoluble in alcohol, the latter 
i being insoluble in ether and in turpentine. The resin acids 

have the formula C4oH6404,and compose from 80 to 91 per 
i cent of the resin. 

i M. A. Dubose, in the Bull. Soc. Ind. Rouen , xxxiv. 373, 

says that Madagascar copal is found along the seashore, 
like amber, which it much resembles in appearance, being 
reddish-yellow to pale-yellow, difl&cult to break, clear and 
^ brilliant fracture, -worn surface like pebbles. Specific 

f gravity 1.054; melts 327®; softens 105°; acidity 78.5. 

Percentages insoluble in: cold alcohol, 90; hot alcohol, 72; 
i ether, cold 84, hot 60; methyl alcohol, cold 87, hot 63; 

benzene, cold 89, hot 76; acetone, cold 82, hot 60; amyl 
alcohol, cold 50; aniline, cold 20; benzoic aldehyde, cold 
16; carbon tetrachloride, cold 80; turpentine, cold 60; 
amyl acetate, cold 20. 

i A. Foelsing, Chem. Rev. Fett-Harz-Ind.j xiv. 251, says of 

East African copal that the copal-yielding trees are tall and 
resemble an old ash in growth. All parts of the tree yield 
copal-resin, a sticky stringy sap which hardens upon ex- 
; posure to the air. This copal is not as valuable as that 

^ which has been fossilized underground and which originated 

from the roots of the copal trees. It is found at depths of 
30 cm. to I metre, though not in large quantities, and is 
^ not dug to any great extent by the natives on account of 

^ the hard labor involved. Most of it comes from Dutch 

East Africa and is falsely called Zanzibar or East Indian 
^ copal. The fruit of the Zanzibar copal has 15 per cent 

copal in the shell and 8 per cent in the kernel, and when 
ripe it falls from the tree and can be gathered in large 
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quantities* This copal has all the good qualities of the 
purified copal obtained from the ground and is cheaper. 

Demarara copal comes from British Guiana, in South 
America, and is in elongated pieces, glossy, dull, or mam- 
millated; color pale-yellow to reddish; very hard, difficult to 
powder, fracture clear, brilliant. Powdered, it gives a 
characteristic odor as of valeric acid, which disappears 
gradually. Columbian copal, from South America, con- 
tains much dirt and debris; some pieces yellowish-white, 
some dark-yellow to reddish-brown, some of it is milky. 
Some of it has a crust several millimetres thick. It pul- 
verizes easily, breaks easily, vitreous fracture; rather soft. 
Brazilian resin is white, yellow, yellowish-red; surface pol- 
ished, rarely papillated; fracture clean, vitreous, brilliant; 
rather soft, easily powdered. 

Benguela copal is from equatorial Guinea, south of 
Angola, on the west coast. The pieces are flat or rounded, 
color white to clear yellow. The crude copal is very 
dirty but cleans easily and the commercial resin is very 
pure. The surface is shining and brilliant; it is difficult 
to break and the fracture is brilliant. White and red an- 
gola are from that part of equatorial Guinea called Angola, 
on the Atlantic coast. The white is a resin of medium 
quality, the red is excellent. The white is found in rounded 
pieces, some very small, others medium and large, clean, 
white or pale yellow, hard, fracture brilliant; it is easily 
pulverized to a white powder. Red Angola is in irregular 
pieces, yellow and red, easily broken, difficult to pulverize 
to a yellow powder; surface sometimes papillated more 
coarsely than Zanzibar. It is found buried in the earth, 
sometimes as much as 12 feet. Congo resins are from the 
sandy interior regions of West Africa, north of Angola; 
are red, yellow to white, in large pieces more or less irregular 
in shape, clean surface, conchoidal fracture, very shining. 
Similar copals also come from Loango. Belgian Congo 
resin is the best, the French being very white but too soft 
for ordinary use. The data given are for the Belgian resin. 
Sierra Leone resin is from the British colony of fiiat name 
in West Africa; it is not fossil, but is produced by a legu- 
noinous tree caUed Guibourtia copalliferaj and is collected 
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as is turpentine in France. The pieces are irregularly 
spherical or elongated, usually small, containing impurities, 
yellowish to clear white, difficult to break, fracture brilliant, 
easily powdered. 

Manila resin conaes from Singapore, from Borneo, and 
from Celebes. There are three qualities, hard, semi-hard, 
and soft. The best hard resin comes from Borneo, the less 
valuable from Macassar, a city of Celebes. The pieces are 
large; white, yellow, red, brown; break easily; the best have 
brilliant fracture;, some are milky within; aromatic odor. 
Soft Manila is white, red, clear brown; breaks easily, frac- 
ture brilliant, but often sticky; aromatic odor. Pontianak 
is from the city of that name, which is on the equator, 
on the west coast of Borneo. It resembles semi-hard 
Manila, and is practically the same thing. Odor aromatic, 
suggesting elemi. The data for hard Manila show large 
variations in the resin. 

Solubility of kauri copal . — ^Trials were made on good 
samples of resin, of four grades: hard white or pale kauri, 
occurring in large pieces (to 100 kg.), color yellowish-white 
to pale-yellow, aromatic, fracture easy, brilliant, powders 
easily; brown, hard pieces variable in size, rough, hard to pul- 
verize, color yellow-brown to dark-brown; the best pieces 
break with difficulty, conchoidal fracture; others break 
and pulverize easily; a faint aromatic odor, suggestive of 
camphor, is developed in pulverizing. The best hard 
pieces have specific gravity (at 9^) = 1.079. Bush kauri, 
which is collected at the foot of the tree, more recent in 
origin than either of the preceding, pieces irregular, reddish- 
yellow, brilliant fracture, easily reduced to yellowish 
powder with aromatic odor, pieces soft and with cavities. 
Bush-gathered, collected from the trunk of the tree itself, 
most recent, pieces regular, all sizes, yellowish-white, 
vitreous fracture, powders easily; odor faintly aromatic, 
does not gain by pulverization. The well-marked solubility 
in alcohol of pale kauri is contrary to general belief, but was 
carefully verified, only 6.6 to 7 per cent being insoluble. 
The general opinion that brown hard kauri is harder than 
pale is confirmed by its behavior to solvents. 

Madagascar copals are of several sorts. From the prov- 
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ince of Tarafanpja {east sldv) thore arc* fwot fir!^t qiialily, 
smooth yellow pieres, no incTUslatioiu some ciirt within, 
resin of exeellent cjuality; stTond cfuality, resin infericfr, 
small piea*s, iiuTiisted, dirty* milky, lo-^es a|i|irini,ali!y in 
washini^, must be washc*d and sorter!. Froviiiee of .Maria- 
J^yary feast side): pie(a‘s white* or yc‘!!«mn some milky. si,ime 
incTUSted and eontaining dirt; imist bi* ma*!! %v;ish«*f|. 
I^rovince of Andevorante feast sidt.*): yiievein some line 
pieces and otliens imTustc*d, nc^eds washing and sorting. 
.Province of .Maroantsc'tra feast siclei: tine \'i'!!ow and 
reddi.sh pieces, some slightly milky* ali with ;i slight 
incrustation; needs a little rtc*afiing. Province of *\Iairi- 
tirano (wa‘St side): some white j.iic*c'es. rnostly reddisfe* 
yellow; most is in fine pieces* some large, all in gocMj c.-'ori- 
dition, needing very little cleaning, in the folkrwing Irihle 
they are arranged in the order of ajtpareiif value* liasi^d on 
the appearance of the varnishes made front tliiiii, wtiicii 
have not been tested for durability; 
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Kesin Color reactions mlk Half hens fieaj>mt. K. F. 
Hicks, Jour. Itid. Eng. Cfiem., iii, 86, Rragcnt »onsisfs 
of (A) 1 volume phenol in 2 volumes ('('li .-jm! tB) i volume 
Br in 4 volumes CCl*. Powder a small fwrlicui of the 
resin (or of residue from KW) extraction), tlissulve In 1 2 
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lODfXK A\l> liK. Xf MliKKSoF KksinS, C'oi'AFS, A.VD UaLKAMS 

(\X. \’anlH'l, Cht'm. Zl)’., xxxiv. 97.S) 
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|s?i.i M«f#vrrrs| Inmi a m4mkm, ffr| Hnlhl gitfii in R#’Ilri«L (d) ("tmh*, 

r;ij«'«ily, jwrmammt. Kauri: azure-blue, rapidly to purple, 
thnmgh vi(»l«*i; linally, remote from B, dark olive-green. 
Manila f^piril 'uduble): faint brownish -green forms .slowly; 
lo violet, linally purple; remote from B, ehorolute-brown. 
Masfit : recldi.di-brown, near carmine on side near B, 
t ol’fee brown remote from B. Sandarac: lilac, fjuickly, 
jiermaiienl. changes tf» violet, violet-bn»wn remote from B. 
Shellac : no rolttr, Zanzibar: .slowly light-brown, later 
brownish vicclet tending to chcK'olate. Ii»0, EtO or EtOH 
intc-rfere. 

7‘n/s /or Turpmline, Wood4urf>e.nline, and Rosin-spirit. 
(’. tirimalcH.C Vrcw. Zb, xxxiv. 721; C. k., iv. .3013. flal- 
‘agent ifives satisfactorv tests, if used with tl 
preca 
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are also present, thesuhslanre must !h‘ ;iik 1 i>ri!y the 

portion boilinf^ Ik*1ovv 170'' may he u^ed. \arnisiies arr 
distilled as l)y .Mcllhiney’s 30 e.eiii, ■with 

c.cm. I'ld); the volatile portion is M’pa.raft^d from If/J }iy 
standing, then dried with ('aCl., reiiisiilleri in a flask with 
a side-tube and the first ’ 3 e.eiii. U'Hulefl below 170"'! 
saved for tht‘ tc‘st. One dro}-) is put in a jiorrrdairi di^li 

4 em. diameter, and 2 ca^m. of reag«*nl is aiidtai; this h 
made of t volume eryslallized csarbolir aeiil an*! 2 voliirneN 
CCU; stir willi a glass ror! until etimj-ilelrly tlissolvn!. 
cover with a glass plate, introduce inicfer the yilate vapor of 
solution I i>h'it Br to 4 pints OCli, Rrea'n Hjiirit slitiw> 
yellown becoming green on shaking the disln malar hiti* 
grei,*n on standing; woocbiurjrenfine, in 15 to src'cirid.H. 
shows cairmine duinging to violet ; ! y rjaiitiiie reiitains tailor 
less, or at most shows a weak and }>ale yellowa‘sti-'reiL 

A IKse. for the. Gnach Filter in Pdint Analysi.^. ■ W. I. 
Keeler, /ear. Ind, Eng, Chem,, ii, Willi very line 

I'iigmenls ditliculty was found in separating the veliirle 
by the use of solvents or otherwise, lharkirig a (inrich 
fd,ter with very fine asbestos through wliirh I In* Hiiccessive 
t?xtractions were di*cariieti, with sycibn, was siiecmsful 
C, A,, iv. 3305. 

Vahmilm Ttirlnmline Skmtm. -Ih Kkmin 
Trade Jour,, xlviii. 5li8, fnim Chent, Ktg, Disli! in CC'h, ex-' 
pose loc.cm. to air and tiilTusiff! light iweiilydoiir hours; to 

5 c.cm. adil 5 c.cm. of 54>er-i;eiit solution of cyniobiiljihy- 
drate in EtOIi in 30-c.cm. stopjK^red flask, sfiake wrll, sianct 
in dark twenty-four hours, put in. large llask with 100 c,.riii. 
KtOH, titrate ex<a?ss of cymolsulphydrale with L "rest 
cymolsulphydnite daily with L Ko derails are given m 
to surface exposecl, tempa^rature, hytniclily, elr. 

Analysis of TMrpeHtimmls,--‘K, (lirrrhei!sk>% Lrs 
M«atcries Grasses (1910), j. The following rorislaiits are 
used to detiTraiiie the origin aiul purity of 
boiliiig-poiiit; s{>edftc gravity at 15^; index of refraction; 


oil and acetic ether in o}H:n tube; Rkhc-Halj 
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I riiirrilirr, avid fiiimhrr. Hash-jxjint ; and nskiue cm, evajmra.- 
ticm af I go"' C. 

Dfkfiion of Peiroleum. Derivatives in Oil of Turpmtimi. • 

U cniu't hft. Bull. Jcdrnilitm drs pkarmtrien.’! Sud Quest el 
('nitre. January, tyir. A pinch of povvdcnal fuchsine and 
two dropH of .strong ammonia added to 4 5 c.cm. of the 
sample yi<‘lri a bright rc<l color in absence of petroleum and 
a brown-red c olor with as little as 5 per cent petroleum. 

Xrw Methods in the Varnish Industry. L. hi. Ande.s, 
Chem. Rn\ Fell Harz- hid., xvii. 294 qtu h'or many years 
hiiigland lias furnished the best varnishes for carriages, and 
while there the greatest care is oliserved to secure good 
raw materials, the continental mamifac turers have obtained 
equally go»M! results by substituting cheaper raw materials, 
su( li as rosin in thc! form of metallic resinafes, and devedop- 
ing the processes of manufacture. The fendeiuy is to 
jjroduce Ity one single boil of all the ingredients a finished 
varnish. This has been accomplisiied and the product 
serves its purfjo.sc* for many industries, but it pushes the 
more expensive and lietter rop;d v,irnishes into the liack- 
ground. I'wo of the more recent patents are mentioned: 
ferjiineol is used as a solvent in comlnnation witli alcohol, 
oil of turirentine, benzine, etc., under pressure to dissolve 
the coj)a! directly. From 20 to 200 per cent of lerfiinecjl 
is user! on the ba.sis of the resin, accorrling to the nature 
of the resin, the f.atty oil, and the kind of varnish tlesiredl 
Hut the author Wieves that the high {»ru c; of the tcrplneo. 
will prevent a general uw; of this [mx-ess. 'I he other 
pati'Jit uses naphthalene as a solvent iindcT pri*ssure at a 
temperature of 220* 2fp”, the fatty oil i.s then added, 
heated for mie hour at the stime temijcraturc, and the naph- 
thalene tlien distilled under vacuum. While this process 
offers many advantagiis, t he author question.s the [Krssihiiity 
of «»i>taining a varnish of the fatty oil when the necessary 
oil of turpentine is added, and he deplores the tendency 
of the inventor to increase the complexity of aj){»aratu» 
and machinery where the manufacturer desires simplicity 
instcari. 

Hardened Resim.—MAX. Bottler, Chem, Rmi. FeU-Man- 
Ind., xvii, 292- 94. Hardened resins are molten resinates 


302 


APPExnrx I 


prepared from metallic oxides. 'I’hey are manufacture*! 
primarily to raise the melting-point of the resins, es 
pecially such resins as remain sticky when mixed with 
drying-oils. The melting-])oint of resins may be increased 
by melting them with Zn(), (laO, etc., or treating at elevatetl 
temperature with air or O, or by converting them into ester 
compound.s. In the case of copals the hardening is re- 
sorted to mainly to neutralize their free acids. Hurnt 
marble is used mostly, !)ut slaked lime has been shown to 
work best, 'fhese powders must be entirely soluide in 
resin, must be free from Fe, (’()•.., and siiicat*-, and must not 
form lumps in the varnish. 'I'he usual amount of th(' pow- 
der taken is 5 j)er cent and this will rai.se the rneiting-pm'nt 
of the resin by 50° 60°. With 10 per ct.-nt a lime re.sinale 
is obtained which no longer thickens witli PI) and Zn colors, 
A still higher per cent of lime produces a dough-like mas.s, 
which at room temperature becomes brittle and cannot far 
remelteci, hut is still .soluble in drying-oils. A comjdete 
neutralization of the resin is not easily accomplishetl and 
free lime is often found. The resinates are j)ri-{):tred liy 
melting the resin at 180", the slaked lime is added gnulually, 
trials on glass {)latc.s .showing when complete t:l.irifi<ation 
has taken place; the temperature is then slowly rai.scrd 
to 270", a higher temi)erature darkening the prtKluct.s. 
Dammar resins, viscous at 75”^* and a thin liriuid at 150'’ 
(a few melt at 1 80” 200°) contain al)out 23 ikt cent free a( it!, 
and from 2- 5 per cent of hardening powtler. 'I’he same 
amount is employed for Manila copal f8o jier cent free acids) 
kauri, hymena*a (South American cojjal), anti East African 
copal. Such treated copals are not always completely 
soluble in turi)entine or lin.seed-oil, nor are the lime 
resinates entirely resistant against water, W'^hen precipi- 
tated AljOs is used in place of Ca(C)H)3 the varnish becomes 
very hard and shows a dull lustre and is known as “ hard- 
matt” varnish. ZnO and MgO are also employed, but 
thdr preparatioa is more difficult. 
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Miihml of (/dkiilaiin^ thr i'ost of Paint, (ram Analysis 
iSaiional Lead i'o.) 

Volatili* thiiiiKT, cliT<Tni!ru*cl l)y analysis, in pounds, its 
sporifir gravity i*r|ui valent ptnindscjf water. 

Non volatile thinner, dc1<*rniined hy analysis, in ijounds, 
“> its spei'ilie gravity erjuivalent i)ounds of water. 

Ear'll separali* pigment olettTrnineci hy analysis, in {iouruls, 
“T its Hpeeitic' gra\T‘ty - ixiui^'alent. {lounds of water. 

1lie sum f lOO iier emtj af thest*, in pouruls B. 

1 otal (‘tjuivalent pounds watc*r — A. 
B -r A - s{K*eifiC'' grandly of juiirit - (A 
(„! X (wedght of t gallon water) - wtdght of r gallon 
{laint - I), 

Multiplying the* per tiTii hy weight of eacdi sc*parale ingr(‘- 
dieni, as found hy analysis, iiy I), gives the fraction of a gal- 
lon of each ingredient. Multiplying c*a(*h of these frmiiiiriH 
liy the cost jier gallon of the ingreclient, gives thc^ i'ost 
each ingredient, These added make the (‘ost of t gallon 
paint, for iiiaieriab, 

Tlw following is the lafioratory blank for reporting 
paint analyses: 


Kih Dati* 

Piiiiit or Veliicle (Bmmi m iMmrIptim } . . . 


¥mm. 

Wriglit of Ciw fir Eiinlainer 
fif^dic Ckavity 

Vehide 
Pigwf lit 


Lb«. pi!f ftal. 


Sp.Gr. 





¥MiceE: 

Volatile In mmm Sp, ^***1 * ' * * ^ • 

Mon-volatite in ittaiii ’• ** ^ . 


.m 
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Refractive Index 

Rolyinerizat ion Residue 


Volatile Thinnkk; 

n.fter FVilymerizaf km . 


Probable Composition : 


I Acid Ko. .... 

I 

I Sitp, No. 

I Ilaniis I No.. ..... 

j R«*fnictive Index , . 

i PielxTniann-S. Tm 


Vkhiclk: 

. . . PnfiiifKinifiable m. ej., 

■ . I Jfdx'nnaineS. 'rest 

Resin Acids (Twitrhrll) . 

Ash , ff 

' HI 


i 


PROIIAIILK CoMmsiTlOK : 



* 

PioMENT lyBmmmAttom: 







Probable Comitoitiom: 









NXiTES OX ANAEVTirAL METHODS 




C'AU'n.ATlnX UN hH <*l Um LlJS. OF SAMPLE 

i't*s\nivi:s-i, L!< s. S}i. <ri.i4* i V'oliinu* in I Prirt*.! iUmi, 


( 'iiht |»*r gallun , 


Ri-MaeK'^: 


Method for the Delrrmimttion of "True Red l^ead'' (U'scd 
in the iahtinitory of the National Lead Company). Solu- 
tions requirwl: 

I. “Rfd-Ieati Solution." Weigh out into a 
iM'aker. j)r{'feral>iy of Jena glass, fioo gramme^s C. P. 
crystalline wKiium acetate and 48 grammes C. P. 
I>otaHsium icalide. Make up a solution of 25 |kt cent 
acetic acid, by mixing t ^oc.cm. C. P. glacial acetic acid with 
4^0 c.cm. distilled water. Now {>our about 500 c.cm, of 
this 25 jMrr-cent acid into the 1.400-c.cm. beaker, above 
mentioned, reserving tin; remainder. Warm the beaker on 
the Hteam bath, stirring mcasionally, until a clear solution 
is obtained. (.cx»I thi.s solution to room lemfwtrature, and 
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stir until dissolved. Wash this solution into a i-litre 
{graduated flask, make uj> to the mark with distilled water, 
and mix thoroughly. 

Each c.cm. of this solution is equivalent to about 3.48 
per cent true red lea<l (using i -gramme charge), but its 
exact value should be determined by standardizing against 
pure iodine or, better, again.st a .standard .sample of red 
lead, the ‘‘true rcd-learl” content of which is accurately 
known. 'J’he .strength of this solution gradually decreases 
upon standing. It is a good plan, therefore, when analyzing 
a sample of red lead, to run a parallel determination with 
the standard red lead, thus ascertaining the exact strength 
of the thiosuIi>hate solution, 'fhis i)roce<iure consumes 
but little extra time and will often prevent error. 

3. Starch-indicator Solution. lA’eigh out gramme t»f 
ordinary starch into a .small beaker, add lo c.cm. cold 
distilled water, and mix to a thin paste. .Measure Into 
another beaker 100 c.cm. distilled water, heal to Iwiling, 
and pour into it slowly, with constant stirring, the pre 
viously prejiared starch paste. Then b<»il for two minuU“,s, 
with constant .stirring. 'I’his solution d<x*s not keep well and 
should he prepared fresh for each day’s work. 

Method. Weigh 1 gramme of sample into a 300-c.cni. 
Erlenmcycr flask. Add a few lirops of distilled water and 
rub the mixture to a .smcKilh paste with a gla.ss rwl. Then 
add 50 c.cm. of the " red- lead .solution" and continue 
rubbing with the glass rod until nearly all the red lead has 
Ireen dissolved. Remove the r<Kl from the solution anil 
wash it o(T with 25 c.cm. of distilled water, making sure that 
all washings run into the fla.sk. Titrate at once with the 
one-tenth N thiosulphate, adding the latter rather slowly 
and keeping the liquid con.stantIy in motion fry whirling 
the flask. When the color of the assay has been reduced 
to a light-yellow, examine it carefully for undLssolvcd par- 
ticles of red lead. If present, they can often he dissolve! 
by shaking the flask for a short time, but if they dissolve 
too slowly, they should be crushed by rubbing again with 
the glass rod, until completely dissolved. I’he rixl should 
then Ire removed and washed with a few cubic centimetres 
of water. After the addition of thic^ulphate has reduced 


NOTES ON ANAL¥TICAE METHODS 


307 


the color of the assay to a vctv pale lemon tint and care 
has been taken to sec* that solution of the red lead is com- 
plete, add 2 c.cm. of the starchdndicator solution. l"he 
assay sliould then turn {)lut\ Now finish tlie titrating l)y 
adding the* thiosul|)hate solution, drop by dre^p, shaking 
the flask vctv thoroughly after each additiem, until the I>Iue 
color disappears. 

Cakiilaiim. Suppose, f(»r instance, that a reddead 
SiOii{>le, !>y this rm^thod, re(|uires 24.8 <\(ni. of thiosulfjhatc* 
solution, and that tlie laboratory standard n*d lead re- 
Cjiiires 26,5 (wm, of thiosuI{'>hate. 

llien IIm* per cent **true red lead’- in the sample is: 

00 

*’ X 24.8 i” 86.1 per cent ‘‘true r<‘{i leatl.” 

26.5 

Notes. Before analyzinf' a coarse sample, “glassmakers’ 
red lead,” for instance, it is necessary to grinri the sanijile, 
thus rendering it more rearlily soluble. 

Never attempt to hasten solution of the .sample I)y warm- 
ing, as this will cau.se loss of icxiine.and, < «)nse{juently, too 
low a result. 

The “red-lead .solution" should be kept in a tool, dark 
place, hut even then, however, it may gradually tiecom- 
ptjse. with liberation of itxline. 'Die error therelty intro- 
duced, in a determination, is not appreciable if the thio- 
sulphate is freshly standartlizcs!, before use, against a 
stantlard sample of ret! leatl, as recommentietl. 

The main etinsitleratittn, in this methcxl, is to see that 
the tlefermimt turn i.s run in exactly the same way, and under 
exactly the same conditions, as the standardizatitm of the 
thiosulphate, hy means <jf the stamlartl sample of red lead, 
'risen any small errtsr.s in the determinatksn will be tsffsct by 
similar errtsrs in the staisciardbation. 

The “acetate” methoti was tested out, in comparison 
with the distillation method, by analyzing the red-lead 
samples for the j>criod ending June 30, igii. The resultj 
are given below; 
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■ No. oi « A M. M}' N, T«|o. tNrrp, 

■ . . . 

SjimplfM, 

r)i*il»llilion, i Arffalr. 


Standard 92-pt‘r-cent rcci Ifad . . . . 

35 


4S 

" '' “ . , . , 

.*(. 43 

2 h 

, $u 

ii 41 44 

. ' iti 30 



' 4i i» 

. i Ji*. 40 



A veragt* 

20,37 

: 2 h 

4*7 

5 Coarse 

.j 22.77 • 

; 22 

m 

3 Ordinary 

2 $. 22 

\ 25 

2H 



an. 55 



2r . . , . 

2X ^*7 i 

23, 

7fi 


2h.7H 

I all .. 

93 

3 Ci. M.. 

15. 

1 ts. 

ICI 

31 C*. M 

2^3 

1 H 


,tO.M 

i 

1 

an 


/ The same hatch of thiosulphate was used for both 
methods, but the determinatbins by distillation were run 
24 hours after the others. 

The re.sults calculated to “true red lead" are as follows, 
the results obtained by the SnCl* methtxl for the same 
perical being also given : 


Samw.1. 

^nC'Is. 



3 CiMrinN 

iVf Cmt 

Prf Out 

IVf c'hii 

80.15 

7 '> 44 

79 '^5 

3 Ordinary ........ 

88.7* 

ii.oo 

87.80 

3 C. M 

97.^ 

w 

994.1 

21 .... 

81.36 

«a , 58 ; 


26. , 

93*49 

93 42 

93 ‘53 

3 c;. M 

55.% 

Si.Crf* i 

5^ ‘44 

31 G. M.. 

84.43 

» 3.39 

83.41 

3 0. M. .... 

92. 9S 

94-73 

94*74 


I Testing Linseed-oil. — Linseed-oil has recently Income less 
abundant and of a higher price than formerly, owing to 
shortage caused by disease of the flax-plant, in the United 
id 
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determining oil constants; these entirely dilTcring causes 
have occasioned increased interest in iinseed-oil tests. 

Tlie most important are the gravity and the iodine 
number; the latter is usually by the Hanu.s method, which 
is several units—perhaps five^'^-higher than l)y the HUbl 
mc*t!ic>d. llie committee of the American Society for 
IVsting ?^Iaterials recommended for North American oil, 
in ic)Oo, that it should !)C‘ considered pure raw oil when it 
tests bi‘tween the foilowa'ng numi,)ers: 


SiMTtfir gravity at. 15..^ C 

*' ** 25M' 

Af'id niiiiilK'f 

I fuatler, |H‘r ri'iit 

Rrfranivi* iiidr^ at 25"^ 

IL’ifUiH isKlifir . . 


0 

n ( }T,i 
6 (H) 

1 

1 4K05 
tt)n 


o.f«3 
o . 9270 


1 , 479 <> 

17H 


It has sintai been obstTVcci that (lil made frf»m imported 
seed has a lower IcKh'nt* num!)er than North American oil. 
Our laboratory hsiti found Argentine seed-oil with an iodine 
number about 171; Oill rejxjrts 160 <»n pure raw oil. and 
Meister (Farben-Zeiiung, vol. xvi. No. i) says the lower 
limit of the i<Kiint‘ number for pure oil is 170, but recently 


ners 104.5, 101. 1, ana 100.2. iViuKing anowunce lor inese 
lieing Hhbl numlxrrs, which was certainly the case with Dr. 
(liir.H esiK-riments, these numbers are too low; at least, such 
oil would not be considereci of “ undoubted ” purity in our 
laboratory. Kvim if we nuidtr it from thesetwl in the labora- 
tory, we would wi.sh to know the history of the strerl. It is not 
imi«>ssible that htng keeping, especially if in a very warm 
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the same as that from the same seed made in the factory. 
Although there may be from 2 to 6 per cent of impurities, 
this consists mainly of chaff and absorbs oil rather than 
gives it out. Moreover, oil cther-e.xtracted from some of 
these impurities recently, gave the iodine number 160. 
With this pre.ss we have made numerous .sami)les (d oil 
from pure clean hand-picked seed. In the following talde 
the .seed was pure unbroken seed, impuritie.s retnove<l by 
picking out tlie clean seed by hand. The oil is total oil 
present, e-Ktracted by ether. 




Nort h American . , 

I.ii Plata ........ 

lAi Phita 

La Plata 


Calcutta . 


l*vT Vi*nt 

Oil. 


37.25 
37. IH 


Bombay 

Kerteh, S. Ruswa . 


Riga, Riwwa 

Novotonuk, Ruania, 


Turkkh. 


‘35 

40.41 
3b. 75 

41.23 

39. n 
39.95 


} Vr < fill 
Impuri- 

tifX 


2. 19 
4 L5 


9.5 

9.69 


43.01 


5 . L 5 


Wriaht 

Itff S!.fe| 

ill Mille 
gramniirs, 


4«54 


ill* 

t anvil y 

Ilf .Vrtf. 


5«55 

5*33 
5. w 
5 . iH 
5 '24 


M415 

t 137^ 
1 . 1 290 


% timlwT 

lit Itir 
Tril, 


4 /K'ir> 



aw 


During the oxirlation of linscctl-oil the iodine number 
rapidly lowers, and the sfiecific gravity very slowly rises. 
Oil having .specific gravity 0.9352 oxidized into a film having 
specific gravity i.ioo, it increased in specific gravity iH 
per cent. Almost anything that is done to lin«?wl-oil 
lowers its iodine number. 

No constants for boiled oil have as yet lieen ad»>pteii, 
even provisionally. 1 *he American .Society for Testing 
Materials now has the matter under consideration. 
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TESTS Fcm THE LIXSKKD-OIL, AS ESED BY COMMITTEE i)I, 
AMERICAX SOCIETY FOR TESTING MATERIALS 

Gmerd!.-— All tests are to be made on oil which has been 
tiltcTC'c] at a temi)eratiire <if htlween 6o'' and 80^ F. through 
{ia|K*r in the lal)oratory immediately before weighing out, 
exrept tests Xo, 2 ' -Turfiklity and Foots; No. 4 -Moistun* 
and \‘olatile Matter; aiifl No, 5 Ash. The sample should 
!m* Ihorcnighly agitated liefore the removal of a portion for 
filtration or analysis. 

1. Sperifif dmviiy, Use a pyknometer, accurately stan« 

dardized and having a c'aj>artty of at least 25 c.cm., making 
a test at 25'^ C!., water la'ing i at 2^'' i\; and another test 
at 15. 5''' U., water being i at 15.5'' C. 

2. Turbidity and Foots. By allowing 25 c.cm. of the oil 
to stand belWT‘c*ri (to^ and F. for two weeks in a grad- 
iialed glass tube, i cm. in diameter, re|K>rting amount of 
sediment found in cubic centimeters or in fractions thereof. 

Breaking By heating a portion of the oil, say 

15 c.cm., in a H x 6dn, teslduhe over an open flame to 
300'" U., the temperature to be determined f)y a thermometer 
' Hiispended in the oil The rise* in tein|>enilure should not 
exceed 50'^ |;wr minute. Report whether oil breaks or not. 

4. ifoisimre md Volatile Maikf, -dit) Loss sustained by 
2 granmiies of the oil in a 4*oz. Erlenmeyer flask at 105*^ Cb 
in II current of dry hydrogen or pure carbonk«acid gas 

/i» # . f % ^ M ^ fti * A A 


by s grnmiiies of oil 111 a 2tidn. uncovered Fein dish at 


5* As/i. By biirnmg 10 grammes to complele cornbus^- 

tion anfi tf> a light -gray msklue in a {xjrcelain crucible or 
dish at a dull rnl heat, 

(k Ihyht^ Test on Giass. * Follow Archbutt's mcthwl 
f'A piece of polished plate-glaxs 7 cm. scjunre by 4 mm. 


f»»r an hour at 200 C. in an air-bath to dry 
ll is taktfn out am! !ai<l on a non-conductor. 




312 


APPENDIX I 


oil added to make it up to o.i gramme.” — (iill's dc.-irription) 
in the prcfiaration of the gla-ss slip.s and their coating with 
oil, placing in an atmosphere moderately dry, say a closet 
desiccator dried with suli)huric acid in which the moisture 
is not more than 25-per-cent saturation ftenij)eraturc (lo' 
to 80” F.). Report time required for the oil to become 
dry to the touch i.e., no oil sticks to or is removed Ijy the 
finger when touched lightly. 

7. Acid Number. IC.xpressed in milligrammes of KOH 
per gramme of oil. Follow the method descrilied in De- 
partment of Agriculture, Bureau of ("hemistry, HuUctin 
107, revised jiage 142. 

8 . Saponijication Ahow/icr.— Expressed as with acid num- 
ber and stating length of time test is run. Blanks should 
also be run to cover effect of alkali in glass. Follow the 
method given in the above-referred- to Bulletin 107, pp, 

9. Unsaponiftahlr. Matter.— VoWovi Bix’mer’s niethrxi 

taken from Uldielohde’s “ Handbuch der Oele und Fette,” 
pp. 261 62. “ 'Fo too grammes of oil in a i ,000 to t .500- 

c.cm. Frlenmeycr flask add 60 c.cm. of an af|Ueous solu- 
tion of potassium hydro.xide (200 grammes KOll dissolved 
in water and made up to 300 c.cm.) and 140 c.cm. of 95 - 
per-cent alcohol. Cionnect with a reflux condenser and 
lieat on the w'ater bath, shaking Jit first until the iii|uid 
Itecomes ch;ar. 'I'hcn heat for one hour with occasional 
shaking. 'Fransfer while yet warm lt> a 2,ooo-c,cm. 
separatory fimnid to which some water has been added, 
wash out the Flrlenmeyer with water, using in all t»oo c.cm. 
Cool, add 800 c.cm. of ether, and shake vigorously one 
minute. In a few minutes the ether solution siqiarates 
perfectly clear. Draw off the soaj> and filler the ether 
(to remove last traces of soap) into a large Erlenmeyer, 
and distil off the ether, adding if necessary one or two 
pieces of pumice-stone. Shake the soaji solution three 
times with 400 c.cm. of ether, which add to the fir.st ether 
extract. To the residue left after distilling the ether add 
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funnel, using 20 to 30 c.cm. of water, and after cooling 
shake out with two portions of 100 c.cm. of ether; wash 
the ether three times with ^o c.cm, of water. After drawing 
off the last of the water, filter the ethereal solution so as to 
remove the last drops of water, distil off the ether, dry 
rc‘Hidue in water oven, and weigh. 

After determination of unsapimihahle matter, convert it 
to ac“etatt* and dctaainine the melting-point of the acetate 
as directed by Lewkowitsch, p. 372, third edition. 

I o. IJehermruiPi -.Siorch Test. Qualitati ve. h'ollow the 
iiielhtKi desc:ril:ied in Bulletin toy of Departmimt of Agri- 
ciiliure, Bureau of Cliiunistry, referretd to above. 

It, Mefmciive Index, ■■—XJsinp; Ahbfi Refractometer at 
25" C\ 

12, Acetyl Vidjie,--4u}lhm Benedikt^Lewkowitsch meth- 
cid. See Ileparimcmt of Agriculture, Bureau of Chemistry, 
Biilleiin 107, revis€*d p. 142. 

13. Iodine N tmiher,--4hA\im the Ilanus method as 
described in Deparlinent of Agriculture, Bureau of Chemis- 
try* Bulletin 107, revised p. 136.* 

FmnMiimt of Flocks in Linseed-ail and Vamish-oiL-- 
J. Ilerikorn, Chem, ZgL, lii* 462. The formation of flocks 
in iiiisecxboils during the boiling process is often due to the 
prcmmcc of fatty acid glycerides and not to the presence of 
carbcihydrates or fatty matter from the seed. Thesit 
glycerides }»lymerlze and in so doing enclose* linseed-oil 
“^"^lidifying Jeliy, Upon heating and stirring the jelly 
tlieniiing s|:Kingy flakes. These flakes harden in 
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wood-oil Is used for linseed-oil. The danger of fires in the 
blowing process can be eliminated by heating the oil fora 
long time at 150" 260“ C., allowing the Hakes to settle and 
pouring off the oil. 'I'he flaky residue is very useful for 
making varnish-oil. Clictnical Ahslracis, iv. 27.1.5. 

Iodine Nimher of Linoxyn. .Meisfer, Hn\ diim. ind., 
xxi. 368. 'I'hc oil films weighed 0.00.; 0.007 P''*" w|uare 

centimetre. When ex[)osed not more than 2 hours dissolve 
in C'IICd:i: not over 6 hours, in cold H('aH;j<b; ni>t over 
10 hours, in hot HCjHsC)-. Some insoluble particles after 
10 hours’ exposure; after 48 hours only 50 per-cent solution 
in hot UCallsOa. I'ung-oil becomes ra|>idly in.HoIuble. 
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Tung Oil with 3 |>**r t’eni rrsinate I*b and Mn, 

Tacky 


foilinr \n. OIuIjI 
Im'Tr.tHi* ill wriglit 

Prrillii oii. Mci^itcr, xvi. No. (r, through 

Vhem. Krv. Frlt-Jhtrz I ml., .wii. ,»o6 <(7. 'I’lio oil i.s oh- 
tiiineci from thf sut-ds i>f I’crilhi oiymordrs, cultivated in 
Jajmn. Mamhuria, and the Himalayas. 'The seeds contain 
.^8 per cent oil; .seeds am! oil are edihU*. 'I'lie oil is used 
for varni.shes. printing ink, vvaterprooling of fabrics and 
jrajMT, also btr drying. Analysis gave the fi)ilovving re.sults: 
siK’dfic gravity 0.0.410- a< i<ls v5 pr-r cent, saponilica- 
tion nufnber lo^-J. 1 nuniber 104.7, hexubrondde yielded 
53.,4 }H*r cent; elaidine test ghes liquid pr<Kiuct ; Halphen 
and Bandouin tests are negative. Fatty ac i«ls : melting point 
—4", sjiponilication number 107.1, 1 number 108.3. 'I'he 
unpuritied Hr prmluct has a melting-point of ibo" 170'^', 
indicating linoleic acid. 'I'hc; oil on drying crawls together 
like drops of H|. but thi.s can be avoirled by rapidly heating 
the oil to 250*, when a firm, gh»sy. uniform ci»ating is 
obtainerl after 5 hours if a drier i.s adrled; its < olor is lighter 
than that of the linsced-oi! iMdlide. F'lorida earth fjleachcs 
the oil almost water-w'hitc and it docs not darken after- 
ward. Betaustt the oil can l»e Iwiled wdthout becoming 
viscous, it is suitable for [rrinters’ ink and for lithographic 
purix»c8. If the price of this oil couhi lx* projK'rly regu- 
lated, it would make an excellent sulmtilute for linsccd-oil. 

Chinese Wood-ail. -A. Uuiselin, “ Matieres Graxsem,” iii. 
r68p, 1730. and 1762. Gil imfxwtcd into France under the 
name of Chimsc wood-oil is of two distinct kinds: one the? 
prtxluct of Klitocacm vernki/era or ahrasin, the other of 
Akuriles cordola or camiri or Imncoulier. i*he constants 
given by various authorities for wtKxl-oil apply scmictimes 
to one, M»metimc8 to the other, and swjmetimes partly to 
each. The oil of Aleurites appears to have the higher iodine 
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value (and corresponds more closely to the commercial oil 
used in the United States). The author obtained some 
seeds of Elaeococca, and found four different sample-s of the 
oil pressed or e.ttracted from these, dj = 0.9340 to 0.9461; 
iodine number of fatty acids, 123"! 57. lie recommends \ 

that authentic samples of both varieties of seeds be obtained 
iind new determinations of the constants made. j 

Preparatim of Oils for the Painter. W. N. Blakeman, 

“ Lcs corps gras industriels,” x.vxv. 3 70. 'I’lie author recom- i 

mends that tung- or (ihina wood-oil he made rancid in 
order to be better fitted for the painter’s art. 'I’his is done 
by adding 2 per cent water to the oil in a suitable ve.s.sel. 
heating to 65“ C. and shaking, an<i then allowing to stand : 

10 to 15 hours, or the oil may be exposed over a large sur- 
face to light and air for 8 to 10 days until a projwr degree ^ 

of rancidity has been secured. An oil treated in this I 

manner, it is claimed, allows the incorporation, with ease, 
of all colors which cause difficulty with linseed-oil. j 


METHOD OF ANAI-YSI.S OF CEI.LULOID 

(Privately communicated) 

After finely shredding the sample, dis.solvc a portion in 
acetone, or other volatile solvent, which is miscible with 
water, to a comparatively thin solution and allow to stand 
for .some time to allow pigments and insoluble salts to 
settle out or be filtered out for examination. 

The solution or filtrate will contain the pyroxylinc, gum.s, 
resin.s, camphor, etc., which may Iw precipitated by pour- 
ing the solution slowly into water, stirring constantly, thus 
obtaining a finely divided precipitate and also making it 
possible for any oils which may l>e present to sejiarate and 
rise to the surface, thus permitting separation. The water 
will hold in solution most, if not all, dyes present and the 
soluble salts, such as urea, which are largely ustd to prevent 
decomposition of the nitrocellulose. These tlyes and salts 
may 1« tested and determined in the water .solution by 
filtering and thoroughly washing the prrapitatc. The 
precipitate may next be placed in a suitable vessel with fresh 
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water and boiled, when the camphor will be carried off 
with the -Steam and sublimed for weighing. 

From the residue the gums and resins may be extracted 
with alcohol and determined by prc.scribed method-S. 

1 lacing thoroughly washer! the precipitate with alcohol, 
it should be drier] at a morierate temperature, f)eing careful 
not to cause decomposition by prolonged or overheating. 
When dry weigh fr>r determination of j)yroxyline. If it 
is desired to e.\amine this further in order to ascertain the 
degrer* of nitration of the pyroxyline, a {wrtirm of this 
residue (0.15 to 0.20 grammes) may be weighed and placer! 
in the funiu] to a Lunge nitrr)meter into which has been 
previmisly placerl a small rjuantity of ermrrentrated IIaS()<. 
With a little stirring with a glass nxl the nitrocellulose 
shoulti rii.sst>lve anrl is then run into the nitrrmneter and the 
funnel anti r<Ki washer! several times with MjSO* until no 
trace is left in funnel. 'I he rietermination is then t'arrierl 
out acrr>rding to the method of Walter Oum (Winkler and 
Lunge, "Gas Anal." t)r SutUm, “Vol. Anal.”). A check on 
the camphr>r may hr: marie hy boiling some of the r)riginal 
{Simple am! collecting what sublimrrs. By rlissolving 
another {wrtion of the celluloid in bailing KOII the fatty 
oils will be converted into soluble soaps which can be 
determined in the usual way, and should camphor sub- 
stitutes, such as phenols, be present they would he delected 
by their distinct odor. 

DKTKKMtNATlON OE NITRIC ArTD 

By Crum's Method and Lunge's Nitrometer 

Turn the three-way stopcock of the nitrometer so that 
the graduated portion of the tulie is in connection with the 

0 " * t *■ .. i * ... 1 ^ Mi 
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drawn down into the nitromctfr; then wash funnel with 
H2SO4 (about 2 c.cm.) by shaking the standuni to whieh 
nitrometer is clamped, then allow this to run into nitrometer 
and continue to wash and draw in until top of Hg registers 
8 c.cm., keeping this amount uniform to facilitate adjust- 
ment at end of reaction. Now wash out funnel with water 
to prevent acid being thrown around while shaking. Re- 
move nitrometer from standard and .shake vigorously until 
gas ceases to he given off (about 2 minutes) , then put nitrom- 
eter back into standard, about eriualizing levels of Hg, 
and allow to stand until it cools to tem|)erature of r<K>m. 
Having previously found how much Hg is needed in r(;st;r- 
voir tube to cfjualize 8 c.cm. liquid in nitrometer and 
marked it on card, now bring Hg in nitrometer to top of 
clamp and then raise Hg in niservoir to mark on card 
which will balance liquid above Hg in nitrometer; now 
take reading of volume gas .VO and tem|>eratare and liarom- 
eter; then open stopccKk, and if reading increu.ses, deduct 
the increase from original reading, or if if decreases, utid it 
to original reading because Hg pres.Hure has been t<K) little 
or t(Kj great. 

Reaction: 2HNO* + f>Hg 4- 3H3HO, 2.VO + ^HgaSO* 
+ 4H3O. Nitrous acid and nitrogen dioxiiie art; re- 
duced in the same way. 'I’he reaction is not affertet! by 
organic matter. In the measurement and correction of 
gas volume no allowance is made for aqueous vaiK»r tension 
as the gas being mca.sured over HjSOi is dry. 

'I’he correction of levels in the two tulx's is scientifically 
made by multiplying the change in millimetres by 2 and 
adding or deducting from barometer pressure bectiust! the 
error is really a pressure of i millimetre of Hg anti we 
multiply by 2 because whatever change takes place in 
one tube, an ctjual change takes place in other luln*. 
so the original difference was double the measurement 
in one tube. 

Calculation: Assume the mixed acids have a »iMxific 
gravity 1.7 10 at about 20® C. We take our gravities at 
20° C. as that is about the temperature at which they are 
found ordinarily. 

For the determination of HNO», 25 c.cm. mixed acid are 
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run into loo c.cm. C. F. sulphuric and mixed. o.8o c.cm. 
:ib«>ve mixture arc* run into nitrometer. 

S|M,*cilic gravity i .710 X 25 c.cm. - 42.75 gms.in 125 c.cm. 

0.542 gins, mixed acid in i c.cm. 

1 2 5 

0.542 gms. X o.H -0.2756 gms. uscmI. 

I (X'bXO wciglis o.cx>i54i 7.'? gms. - 0.00281600 gm.s. UNO;}. 
Him c<>rrc*tied 

C'OXOX 0.00281 600 ■•-0.2756X too per cent UNO;} found. 
(See tallies for rorreilion 


o 

voliiiw* gas to OOXC ) to tmr cent UNO.*}. 

^ 760 * 

VvT ct-nt lINC),. fo i'C ^ KOH to per rent lI,SO,.) 

'}'hcs«' tabifs wf havi* wurkid out for n-ftTcncc to save 
figurcH. 

N 

Say results were 25 per rent HN’Oj, (M in. KOM ^ . 

23; jKir cent of 1,71 gnus, (weight of i e.( m.) = 

0,427.!; gnis. UNO*. 

A norma! solution, 

JUNO, contains o,of>.;o5gms. UNO* juir 1 c.cm. 

ThenS; '^=^ - 6.78 c.cm. 

.00^05 I 

N 

deducting from 3 j.oo c.cm. KOH 
6.7S c.cm. HNO, 

j 

20.22 c.cm, HsSO, 

t 


1 c,cm.“ HjSO, contains 0.04904s gm«. 


Then 0,049045 X 20.22 « 


gms, HiSO*^ — ^ 
t.710 


per cent HsSOi. 
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ANALYSIS OK MIXED ACIDS 

{Nilric Of Method) 

Thoroughly cleanse the weighing tube (Lunge’s i)ipctte 
is a desirable form) with water, followed by W(MKi alcohol 
to expe<lite drying. 'I'hen weigh the empty tube by sus- 
pending with a platinum wire from the hook on the balance 
lieam, next till the tube with the acid to Ik- analyzed by 
sucking out the air through a piece of rubber tubing, taking 
care not to let the- acid get al)ove the upper stopcoc k. Do 
not suck out the air by jdacing the end of the tube in the 
lips, because saliva will accumulate above the stopcark 
and falsify the weighing. Having filled the tube with 
acid, weigh it, ami measure off, by weight, two jH»rtiun.s 
of the acid into small porcelain <Iishes. From i to 2 
grammes is the right amount. Any fumes that may 
escape make no rlilTerence, because only the nitric add is 
volatile at room temirerature, the sulphuric remaining 
behiml. 

t A. (Acid in the porcelain dishes jdu|)licates).) Place the 
jKrrcelain <iishes containing the weighed acid u|Km the 
steam-bath and turn on a g<*nth- flow of steam. After 30 
minutes add a few cubic r cntimelres of di.stilled water ami 
evaiKirate again. One hour is amply sulhc ient to retnovc 
all traces of the nitric acid. Ih'lule the residue of sulphuric 
acid with alx>ut 50 c.cm. of distilled water and titrate with 
standard KOH solution and calculate the |>er cent of acid 
present. 

B. (Acid left in weighing tulK*.) Dilute the acid In 
300-400 c.cm. of distilled water containeti in a beaker, 
and be .sure not to allow any of the aci<l fuim-s ti> esc ajM*. 1 1 
is be.st to stir the diluted acid as the tube is emptying, thus 
preventing any loss of fumes, '1‘hofoughly cleanse the 
two parts of the weighing tube and put the rinse water into 
the same beaker. It is found fx'st to rinse the pifxdle and 
stofKTOck by downward displacement, i.c., attach a small 
funnel and rubber tube, and run several small fiortions of 
distilled water through the whole length, shaking it In 
order to bring the water in contact with all parts of the tube. 
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KtT|) till* c*i.i(i oi thi‘ IuIh.* undrr water a.s it is shaken, else 
some fumes will l)e lost. Phu'e contents of beaker in a 
500-c:.cm. mcMsurini^-flask and dilute to t.he mark. Deter- 
mine total acid ecmtmils l)y titrating 50-0. cm. {portions. 
Diijdieates should agree to one-liundredths of a cubic 
centimetre. Titrate tc^ta! ac'id and calculate the* pea* cent 
ill terms of sulphuric'' aeicl. 

All example will not he out of place: 

A. I 46.038 gramnu*s 
44.K65 

N 

f.173 grammes - 16.85 c.em. KOH 

44 '^^5 

43.556 

N . 

1.309 grammes - 08.75 c.cm.-- KOH 


B. 48 * 55 ^'^ 

32,258 (weight em|>ly tube). 
ii. 2C)4H grammes 

diluted to 500 erm, then 50 c.cm. of this 

N 

= icj.io c.rnn ^ 

M 

19.10X 10 up e.rm. - - KCdl 11,298 grammes 

0.04CP45 rnciler. equivalent H-jSO.i. 

4<P4 5 X 16,85 
1.173 

average 70.35 per cent 
4 fp 45 X 18.75 
1 , J09 

49045 X 19 £ ^ ,0f If|S 0.4 

0.298 

9 


70.45 {ler cent HtSOi 
:>er cent 

70.25 percent IltSOi. 


82.9 

Hence 

21 


70.35 « 12.55 X- » 16.13 per cent 


fi » 1 6. 1 fier cent 
i HfSOi - 704 f>er cent 
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